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THE QUALITY AND YIELD OE TOBACCO AS INFLUENCED 
BY MANURIAL AND OTHER OPERATIONS. 


BY 

J. N. MUKERJI, B.A , B.Sc., 

First Assistant to the Imperial Agricultural Chemist, 
Agricultural Research Institute, Pusa. 


(Received for publication on Sth April 1923.) 

L Introduction. 

Ordinary tobacco ( Nicotiana Tabaeum) is extensively cultivated throughout 
India. The area 1 occupied by the crop is estimated at 1,101 3 000 acres, of which 
120,300 acres are under cultivation in Bihar and Orissa alone. The value of the crop 
is over 150 million rupees which would bring tobacco into sixth position of importance 
among the crops in India. 

India stands second among the tobacco-growing countries of the world as regards 
the quantity of the crop produced, the first in order of production being the United 
States of America. Though tobacco is one of the principal crops of India, the quality 
is somewhat inferior and the market price of the product is considerably lower than 
that of most of other countries. 

Howard and Howard 2 have made a study of the tobacco crop in India and have 
suggested a number of improved methods of growing this crop (the raising of its seed- 
lings, its planting, its cultivation, etc.) suitable to local conditions. The present 
publication, however, deals with the subject of Indian tobacco from a chemcial 
standpoint. The objects of the investigation are considered under the following 
three heads : — 

(1) A study of the effect of a variety of manures and fertilizers on the 
yield, quality and nicotine content of tobacco plants. 
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(2) A comparative study of tlie effect of such operatipns as <c topping ” 

and “ spiking ” on the yield and quality of tobacco plants. 

(3) A comparative study of the changes occurring during the process of 

curing by the ordinary country method and by the so-called e< rack- 
curing ” method. 

At present most of the information which is available on these points is to be found 
in publications issued by the Agricultural Bureau in America or by Landw. Ver- 
suchs station. As, however, Indian climatic conditions and soils are so widely di- 
vergent from those found in the countries referred to, the results arrived at will re- 
quire careful checking by experiments made in India before they can be employed 
with any confidence here. In Bihar, the most extensive cultivation as well as the 
best tobacco comes from Tajpur Sub-division in Pergannah Sareysa, and Pusa being 
situated in the same Sub-division (Tajpur), the conditions there are favourable for 
carrying out such an investigation. 


IL The Effect of Manures and Fertilisers on the Yield, Quality and Nicotine 

Content of Tobacco. 

With a view to ascertain the effect of various manures and fertilizers on the yield, 
quality and nicotine content of tobacco, pot culture experiments and field trials were 
started in October 1916. 


I. The effect on the yield. 

The pot culture experiments consisted of eight sets of jars in duplicate, each 
set receiving different manurial treatment. All the ja?s were filled with the same 
amount of Pusa soil and constant moisture content was maintained alike in all the 
jars throughout the experiments. One set of jars was retained as a control and 
received no manure and the other sets had either farmyard manure, farm-yard 
manure in combination with superphosphate, superphosphate in conjunction with 
nitrate of soda, superphosphate mixed with saltpetre or superphosphate in combi- 
nation with nitrate of soda and muriate of potash. In addition, there were two sets 
wh‘ch received heavy doses of phosphatic and nitrogenous manures respectively 
in addition to a complete mineral manure. 

Field trials were carried out at the same time as follows : — 

An area of land about 30 ft. by 100 ft. was thoroughly cleaned of weeds and 
ploughed four times at intervals of about three weeks before it was di- 
vided into plots and tobacco seedlings transplanted in them. The area 
was divided into fourteen plots each 12 ft. by 15 ft. arranged in two 
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parallel rows, each row having seven plots. Each plot was separated 
from its neighbours by fallowed strips of about 3 ft. across. 


Plan of fertilizer expe) imewt on tobacco > 1916 - 17 . 






Fertilizing elements per acre 

__ 


Plots 

Fertilizing materials per acre 

Phosphorus j 

| 







Potassium 

Nitrogen 





lb. 

lb. 

lb. 

A 

& 

A, 

None . 

ml 

ml 

nil* 

B 

& 

B, 

Farmj ard manuie 5 tons .... 


. . 

40 

C 

& 

c, 

Superphosphate containing 12 per cent so- 
luble P 3 05 5 cwt. ; saltpetre 21 ew t 

30 

110 

40 

D 

& 


Superphosphate 5 cwt ; mtiate of «oda 

2 cwt. 

30 


40 

E 

& 


Superphosphate 5 cwt. ; nitrate of soda 2 
cwt. ; muriate of potash cwt. 

30 

73 

40 

F 

& 


Indigo seeth 2$ tons 

Not 

estimated 

Not 

estimated 

40 


All the fourteen plots were manured on the same day and tobacco seedling 
which were about 4 inches high were transplanted next day in the afternoon. I i 
'fcach plot three varieties were sown ; they were — “ Pusa Type 28 s * in three lines having 
15 plants, “ Dhamakul ” in one line having 5 plants and u Surujmukhi ” in two 
lines having 10 plants. 

So far as the general appearance, of the plants in jars was concerned, those which 
had received an excess of 25 per cent. P 2 0 5 over complete mineral manure were de- 
cidedly the best ; the second in order were those treated with superphosphate mixed with 
saltpetre and those treated with superphosphate in combination with nitrate of soda 
and muriate of potash ; the third in order were those treated with superphosphate 
mixed with nitrate of soda and those treated with farmyard manure in combination 
with nitrate of soda. Plants grown in jars which were kept nu , m a n ured were 
decidedly inferior to all. 

Table I gives, in a tabular form, the total fresh weight and the total dry master of 
tobacco plants grown in pots under different manurial frtMpsents. 
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Table I. 


' 

Jar No. | 

Fresh 
weight of 
plants 
in grm. 

Weight of 
leaves after 
being cured 
in grm. 

Total dry 
matter in 
leaves and 
stems 
in grm. 

Treatment of jars 

1 & 2 

1,350 

230 

2424 

No manure. 

3 & 4 

2,070 

303 

411*5 

Superphosphate and nitrate of soda. 

5 & 6 

2,170 

336 

413*9 

Superphosphate and saltpetre (pot. nitrate). 

7 & 8 

2,260 

328 

431*1 

Superphosphate, nitrate of soda and muriate 
of potash (pot. chloride). 

9 & 10 

1,820 

279 

315*1 

Farmyard manure. 

11 & 12 

1,825 

264 

332 fc 2 

Farmyard manure and superphosphate. 

13 & 14 

1,885 

281 

342 

Farmyard manure and nitrate of soda. 

15 & 10 

2,695 

351 

459*3 

Excess of 25 per cent superphosphate, super- 
phosphate, nitrate of soda and muriate of 
potash. 


An examination of this tabular statement shows that the “ potassium ” increased 
the yield to a certain extent and a heavy dose of phosphatic manure in addition to 
a complete mineral manure improved the yield to a great extent. 


Table II. 


■ 

Treatment of plots 

1 

Fresh wt. 
of tobacco 
crops in 
kilos per* 
plot 

Total dry 
matter in 
kilos 

Fresh wt. 
of crop 
calculated 
as yield per 
acre in 
kilos 

No manure ...... 

. . • 

15*540 

2*923 

3,822 

Faimyard manure 

. 

19*795 j 

3*613 

4,872 

Superphosphate and saltpetre 

‘ ! 

21*484 

3*875 

5,285 

Superphosphate and nitrate of soda 

* 

18*488 

3*616 

4,547 

Superphosphate, nitrate of soda and muriate of potash 

20*871 

3*856 

5,133 

Superphosphate and farmyard manure . 

• 

21*469 

3*935 

5,281 

Indigo &eeth 

• 

20*249 

3*657 

4,984 
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Table II gives in a tabular form the results of field trials carried out same year 
(1916-17) with different manures and fertilizers. A complete mineral manure 
consisting of superphosphate, nitrate of soda and muriate of potash increased 
the yield by 34 per cent., superphosphate with farmyard manure increased it by 36 
per cent., indigo seeth by 30 per cent., and farmyard manure by 28 per cent. As 
in the case of pot experiments potassium always increased the yield to a certain 
extent and a complete mineral manure gave the best results, but considering the 
high cost of such a complete mineral manure as superphosphate, nitrate of soda and 
muriate of potash no worse results were obtained with indigo seeth or with farmyard 
manure which are so easily available in Bihar and which cost also less. 

In the following year 1917 another set of field experiments were laid down. In 
1916-17 the individual effect of the manurial ingredients, e.g., F 2 0 6 , N. K, was not 
tested and consequently in 1917-18 the field experiments were designed to test this 
point. The plots were arranged similarly to those of the previous experiments, but 
this time the size of each plot was larger, being 14 ft. by 25 ft. each. In each plot 
two varieties of tobacco <c Pusa Type 28 ” and “ Surujmukhi ” were grown. 


Plan of fertilizer experiments on tobacco, 1917-18. 


Plot 


Fertilizing materials with rate of ajplicaticn 
per acre 


A & Aj 

B & B, 

C & C* 
D & D 2 

E & 32j 

F & F x 


Superphosphate containing 20 per cent, so- 
luble PjOs — 2 cwt. 


Superphosphate containing 20 per cent so- 
luble PaOg — 3 cwt. 

None ....... 

Farmyard manure amount equivalent on 
P a Og to 2 cwt. superphosphate per acre. 

Superphosphate containing 20 per cent so- 
luble P a Os — 2cwt.» and saltpetre— 2$ cwt. 

Saltpetre 2| cwt. 


Fertilizing elements per acre 

Phosphorus 

Potassium 

Nitrogen 

lb 

ib. 

lb. 

20 

•• 

•« 

30 

*• 


20 

.. 

30 

20 

no 

40 

*• 

no 

40 


Tie results of 1917-18 field trials sliowed that the individual effect of superphos- 
phate or saltpetre on the yield of tobacco -was almost negligible, -whereas these 
two in combination increased the yield by about 16 per cent. Farmyard manure 
used singly gave a still better result, the yield being •inereaaed by about 
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30 per cent. The use of a heavier dressing (3 cwt. per acre) of superphosphate 
singly in no way improved the yield. The results obtained are tabulated in Table III. 


Table III. 


Treatment of plots 

Fresh weight 
of tobacco 
crop in kilos 
per plot 

Total dry 
matter in 
kilos 

Fresh w eight of 
plants cal- 
culated as 
jield per acie 
in kilos 

Superphosphate at 2 cwt. per acre 

41*85 

8-015 

5,231 

Superphosphate at 3 cwt. per ac i c 

41*40 

7*938 

5,175 

No manure . 

41-00 

7-89S 

5,125 

Farmyard manure ...... 

53 10 

9*400 

0,037 

Superphosphate and saltpetre .... 

47*25 1 

8*700 

5,902 

Saltpetre ........ 

42 97 

i 

S-113 

5,371 


Combining the results of experiments carried on in jars in 1916-17 and the field 
trials carried on in two consecutive years 1916-17 and 1917-18 the figures ob- 
tained would seem to justify the following inferences. 

(1) As the fertilizer for tobacco in Pusa soil, superphosphate or saltpetre 

used singly is not effective. 

(2) A complete mineral manure such as superphosphate, sodium nitrate and 

muriate of potash gives an excellent effect. 

(3) The presence of potassium in the fertilizer has regularly increased the 

yield. 

(4) It appears that the greatest total yield is produced by a fertilizer contain- 

ing relatively more phosphorus in proportion to nitrogen than is found 
in ordinary farmyard manure ('vide pot experiment, 1916-17, jars 
15 and 16, and the field trails superphosphate and farmyard manure, 
1916-17). 

(5) As the fertilizer for tobacco, farmyard manure or indigo seeth occupies 

a leading position on account of their cheapness, their availability 
in Bihar and their great effectiveness. 

The reason of the great effectiveness of farmyard manure or indigo seeth is quite 
obvious. Tobacco is a crop which will not grow well unless the soil is not loosened 
very frequently and the use of such organic manure as farmyard manure or indigo 
seeth makes the soil more porous. Bihar soil is generally poor in organic matter 
and the application pt this constituent is attended with a good crop of tobacco. 
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2. The effect on the quality. 

The quality of a tobacco depends on various properties such as burning qualities, 
size, weight, delicate structure, elasticity, colour and fermentative properties, and 
these in turn depend upon some of the chemical constituents of the tobacco plant. 
Fisca and Imai 1 deduce the following conclusions from their researches on the quality 
of tobacco : — ££ A high per cent, of nicotine has not been shown to be an indication 

of the good quality of tobacco The albuminoids in a tobacco afford 

no indication of quality unless the proportion of amides is simultaneously considered. 
The amido nitrogen represents, for the most part, harmless, or perhaps even beneficial 
nitrogenous compounds. Any way the conversion of albuminoids into amides is 

one of the most important results of the fermentation Only considerable 

differences in the amount of the various constituents of tobacco can give any con- 
clusive indication of the quality of a tobacco. Very bad tobacco always contains 
much albuminoid matter, sulphuric acid, chlorine and large quantities of 
mineral acids, with small proportion of amido nitrogen and potash.” The 
various properties of tobacco just mentioned are more or less affected by 
the variety of tobacco, the soil, time and manner of manuring, manner of setting, 
treatment of the plant in the field, climate and time of harvesting. The properties 
of tobacco may also be materially affected by the manner of curing, the condition of 
the weather during drying and the fermentation itself. The fact that so many factors 
play a part in determining the quality of tobacco makes this subject an especially 
difficult one to study. In the experiments outlined above, other factors and condi- 
tion of growth having been kept, as far as possible, the same, observations on the 
effect of different manurial treatments on the quality of tobacco were made. 

Alexander Cserhati , 2 Harry Patterson , 3 Edward Jenkins , 4 * MaxLehmann , 6 
Rasmussen , 6 Adolf Mayer , 7 Nessler , 8 Johnson , 9 Fesca , 10 and Garner 11 carried out a 
series of experiments on the effect of different fertilizers and manures on the composi- 
tion, quality and combustibility of tobacco. Since these experiments were carried 
out by different investigators at different places and under such varying condi- 
tions as soil, climate, etc., and since their conclusion are so varied, it seems, therefore, 
unreasonable to deduce any inference for one country from observations made in 
another of entirely different climate. The investigations of Adolf Mayer, Nessler, 
Fesca, Patterson and Garner seem to have shown beyond much doubt that potash 


1 Jour. £ 'oc. Chtm. Industry, \ii, 759. 

2 J. Landev, 1896, 43, 379-458. 

8 Marryland Btat. Bull 26, 57-92. 

4 Ann, Rep . Agri. Expert. Stai. Connecticut, 1894 & 1896, 29, 322-333% 

& Landw. Versuchs Siat, 1903, 58, 439-470. 

6 Biockem Ztschr, 69 (1915), No. 5-6, 401-46G. 

7 Landw. Ver sticks & Hat., 38, 92-120. 

8 „ „ „ 90, 395-438. 

• Connecticut Slat. Rep. 1893, 112-127, 

16 Jour. Soc. Chem . Imustry , vii, 759. 

11 V . S. Dept . of Agri . Bureau of Plant Industry Bull 105. 
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is favourable to the glowing, that chlorine is unfavourable and that the effect of 
potash is most plainly seen when a part of the potash is in combination with organic 
acid, that is when the tobacco ash consists largely of bases with relatively low content 
of sulphates, chlorides and phosphates. Alexander Cserhati contradicts Nessler’s 
statement that tobacco containing over 0*4 per cent, of chlorine with less than 2*5 
per cent, of potash will not burn well, and declares that the view that cumbustibility 
of tobacco depends mainly on the amount of chlorine and potash it contains are 
erroneous. The opinions of these investigators with reference to the effect of ferti- 
lizers on organic constituents of tobacco, specially albuminoids, are much at variance. 

In the present experiments the quality of the tobacco so far as physical texture 
of the leaf, colour, elasticity and size are concerned was determined by Mr. A. C. Acree, 
Director of the Indian Tobacco Development Company, Dalsing Sarai,to whom sam- 
ples of tobacco grown under different manurial treatments were submitted. His 
report for the year 1916-17 runs as follows : — “ The quality of the samples is good 
enough for cigarettes and we could use the whole lot just as they are if the tobacco 
was taken off of the stalks and graded. S-E, i.e., Surujmukhi grown by superphos- 
phate, sodium nitrate and potassium chloride, and S-F, i.e., Surujmukhi grown by 
superphosphate and farmyard manure, are the best of the lot from a texture point of 
view, but the colour is a little dark. S-F, i.e., Surujmukhi grown by superphosphate 
and farmyard manure, is the better of the two. D-D, i.e., Dhamakul grown by super- 
phosphate and sodium nitrate, and D-G, i.e., Dhamakul grown by indigo seeth, 
are fairly good, but on the papery side, D-G, i.e. Dhamakul, grown by indigo seeth, 
would be very good if it had more body. The seven samples P-A to P-G, i.e., seven 
samples of Pusa Type 28 grown by different manurial treatment, are just about the 
type we are buying here from the ryots. P-A, P-B, P-C and P-D, i.e., Pusa Type 28 
grown by either no manure or farmyard manure or superphosphate in conjunction 
with potassium nitrate or superphosphate with sodium nitrate, are all practically 
the same or so close I can tell no difference. P-E, i.e,, Pusa Type 28 grown by 
superphosphate, sodium nitrate and potassium chloride, and P-F, i.e., Ptls&JPype 28, 
grown by superphosphate and the farmyard manure, while of the same typg, are 
lacking in body and texture . P-G., i.e., Pusa Type 28 grown by indigo seeih, is the 
commonest of the lot. P-G, i.e., Pusa Type 28 grown by indigo seeih, and D-D, 
i.e., Dhamakul grown by superphosphate and sodium nitrate, are very alike in quality 
and texture, and these are the worst samples of the lot.” It may be pointed out 
that, whereas S-E, i.e., Surujmukhi grown by superphosphate, nitrate of soda and 
munate of potash, and S-F, i.e., Surujmukhi grown by superphosphate and farm- 
yard manure, have been reported as the best of the lot from a texture point of view, 
P-E and P-F, two samples of Pusa Type 28 grown respectively by the same manures 
and in the same plot as S-E and S-F, have been reported as lacking in body and tex- 
ture. Again the samples P-A, P-B, P-C and P-D which were grown with no manure, 
farmyard manure, superphosphate with saltpetre, and superphosphate with nitrate 
of soda, respectively, have all been reported as alike in quality. 
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Samples of tobacco which were grown in 1917-18 under different mammal treat- 
ment were reported by Mr. Acree as follows : — “ I have had a look at each of the 
samples separately and find that all of these samples will do for the manufacture 
of cigarettes : — 


1. Surujmukhi grown by superphosphate at 2 ewt., superphosphate at 3 

cwt. , superphosphate with saltpetre ...... Good. 

2. Surujmukhi grown by no manure, farmyard manure .... Not so good. 

3. Surujmukhi grown by saltpetre. ....... Common. 

4. Surujmukhi duplicate grown by superphosphate at 2 ewt., superphosphate 

at 3 cwt., per acre ......... Fairly good. 

5 . Surujmukhi duplicate grown by no manure, superphosphate with salt- 

petre, saltpetre .......... Good. 

6- Surujmukhi duplicate grown by farmyard manure .... Very good. 

7. Pusa 28 grown by superphosphate at 2 cwt. per acre .... Very good. 

8. Pusa 28 grown by superphosphate at 3 cwt., no manure, saltpetre . Good. 

9. Pusa 28 grown by farmyard manure, superphosphate with saltpetre . Fairly good. 

10. Pusa 28 duplicate grown by superphosphate at 2 cwt., superphosphate 

at 3 cwt., no manure, saltpetre ....... Good. 

11. Pusa 28 duplicate grown by farmyard manure, superphosphate with 

saltpetre ........... Very good. 


As in previous instances, so here too we find that Surujmukhi grown by super- 
phosphate at 2 cwt. per acre and Surujmukhi grown by superphosphate at 3 cwt. per 
acre have been reported as ec good/ 5 while their duplicate samples grown by the 
same manures under same condition have been reported as ie fairly good/ 5 Again 
Pusa Type 28 grown by farmyard manure and Pusa Type 28 grown by superphos- 
phate with saltpetre have been reported as cc fairly good/ 5 while their duplicate 
samples grown by the same treatment and under same conditions have been re- 
ported as “ very good. 55 The facts prove beyond doubt that there is no definite 
relationship between the quality of tobacco (so far as texture, colour and body are 
concerned) and the different manurial treatments they receive. There does not ap- 
pear to exist any constant relation even between the so-called quality of tobacco 
and the richness of the fertilizers used. 

The samples of tobacco grown by different manurial treatments in the years 
1916-17 and 1917 -18 were analysed for their ash, potash, chlorine and protein contents 
i.e. y for constituents which have been generally recognized as affecting the quality 
of a tobacco. Table IV gives in a tabular form the analyses of the different samples 
of tobacco by different manurial treatments during 1916-17 and 1917-18. An 
examination of the figures in Table IV shows that the ash content has been hardly 
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affected by tie different manurial treatments; die figures for ash content, in most 
cases, varied between short limits of 17 and 19-5 per cent. Similarly the protein 
contents or the ratios of amido nitrogen and albuminoid nitrogen to the total nitrogen 
have not been affected by the different treatment. Tor instance, superphosphate 
in case of Pusa Type 28 gave a comparatively high figure of 17*43 for amido nitrogen 
and a comparatively low figure of 43*9 for albuminoid nitrogen, while the same ferti- 
lizer gave in the case ot Surujmukhi ” a comparatively low figure (in fact the lowest 
in the series) of 10*48 for amido nitrogen and a high figure (the highest in the series) 
of 60*76 for albuminoid nitrogen. Again a high figure for albuminoid nitrogen was 
obtained in one instance with superphosphate and saltpetre, while in another a lower 
figure was obtained with the same treatment. The potash in the tobacco, however, 
seems to be affected to some extent. Chemical fertilizers, in majority of cases, in- 
creased the potash content of tobacco, while organic manure as farmyard manure 
or indigo seeth with a very few exceptions gave a low potash content. 
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EFFECT OF MAN ORIAL AND OTHER OPERATIONS ON TOBACCO 


Application of potassium chloride (muriate of potash) invariably increased the 
chloiine content which without doubt injures the burning capacities of tobacco. 
Addition of muriate of potash to superphosphate and nitrate of soda increased the 
chlorine content of tobacco by twice that which was obtained with superphosphate 
and nitrate of soda and by thrice that obtained with superphosphate and saltpetre. 
This fact was observed in the pot culture experiment of 1916-17, where tobacco 
from jars treated with superphosphate, nitrate of soda and muriate of potash gave 
the highest figure for chlorine. 

In order to test the burning capacity or combustibility, tobacco samples which 
were grown by different manurial treatments in 1917-18 were sent to the Penin- 
sular Tobacco Factory, Monghyr, where they were made into cigarettes of a par- 
ticular length and diameter and as nearly as possible of the same compactness. 
The combustibility was tested by Toth's method 1 which enables one to numeri- 
cally express the “combustibility” of a tobacco. The following figures were obtain- 
ed, the value being the average of about six tests which were made with each 
samples. 


Tieatment of plot 

Combustion vALur 

Surujmukni 

Pusa Type 23 

1. Superphosphate at 2 cwt., per acre . 



. . 

529 

2. Superphosphate at 3 cwt per acre 

* 

• 

710 

•* 

3. No manure 

• 

• 

527 

525 

4. Farmyard manure 

• 

• 

558 

516 

15. Superphosphate and saltpetre . 

• 

• 

529 

593 

6. Saltpetre ...... 

• 

* 

467 

445 


There is little or no difference between samples grown by treatment 1, 3, 4 and 
5 so far as combustibility is concerned. Saltpetre gave low value for both the 
varieties of tobacco tested, while a heavy dose of superphosphate (treatment 2) gave 
high combustion value. It was also observed that cigarettes made from tobacco 
which had been manured with saltpetre burnt quickly when smoked, whereas that 
receiving superphosphate burnt slowly and in some cases did not burn well when 
lighted. A combination of superphosphate with saltpetre produced a tobacco 
which burnt fairly well when smoked. 


1 Rev . IviernaL Falsi , 1904, 17, 142-145. 
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Combining the results of two years experiments the following conclusions may 
be deducted : — 

^ (1) The quality of tobacco so far as texture, colour, body, etc., are concerned 
beais neither any relation to the different manurial treatments it 
receives, nor to the richness of the fertilizers used. 

(2) The ash, amido nitrogen and albuminoid nitrogen (constituents which 

have a bearing on the quality of tobacco) are hardly affected by diffe- 
rent manurial treatments. 

(3) Chemical fertilizers generally give a higher, and organic manure as farm- 

yard manure or indigo seeth, a lower potash content (constituent which 
improves the burning quality of a tobacco). 

(4) Application of muriate of potash (potassium chloride) as a fertilizer in- 

creases to a great extent chlorine content which injures the burning 
quality of a tobacco, other manurial treatments, having little or no 
effect on the chlorine content. 

(5) Tobacco manured with saltpetre burns quickly when smoked* whereas 

that receiving superphosphate burns bad and slowly. A combina- 
tion of these two manures produces tobacco which burns fairly well. 

3. The effect on the nicotine content. 

How far the nicotine content of a tobacco is affected by different manurial treat- 
ments and whether it bears any constant relation to the richness of the fertilizers 
used, has been the subject of investigation by a number of experimenters from time 
to time. Adolf Mayer 1 from a series of experiments on twelve one-fortieth acre 
plots, 11 being fertilized with various combinations of farmyard manure, nitrate 
of soda, caustic ammonia, superphosphate, Thomas slag, potash and double sul- 
phate of potash and magnesia and one remaining unmanured, pointed out the in- 
fluence of fertilizing materials on the quality of tobacco, and showed with reference 
to nicotine that its formation in the plant was favoured by a heavy application 
of easily available nitrogenous materials and that a high percentage of nicotine 
was in no case observed where the supply of plant food was deficient. 

Jenkins 2 * showed that the percentage of nicotine was above the average in to- 
bacco to which large quantities of nitrogenous fertilizers had been applied. Pas- 
serine 8 found the percentage of nicotine in dry tobacco leaves from different plots 
as follows . — 

Unfertilized plot 3-407 per cent., with 580 lb. dried blood per acre 2*533 per 
cent., with 267 lb. sulphate of ammonia 1*672 per cent., and with 356 lb. nitrate of 
soda 4*183 per cent. He thus concluded that there is no relation between the m- 


1 Landw. Versuchs Stat. 3% 92-126. 

2 Connecticut State Stat. J&ep., 1896, 310-333. 

*Staz~Sper Agri. Tied, 28 (1896), No. 8, 513-529. 
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EFFECT OF MANURIAL AND OTHER OPERATION’S ON TOBACCO 


cotine contents of tobacco and the manorial treatment they receive. Gamer 1 con- 
cluded that the percentage of organic nitrogenous compounds including nicotine, is 
generally proportionate to the luxuriance and vigour of growth, and that conditions 
favourable to rank growth are brought about by the use cf excessive quantities of 
nitrogenous fertilizers. 

Easmussen 2 from his studies with Nicotiana ntsfica and with Hungarian and 
Virginian varieties of tobacco showed that no clear and constant relation exist bet- 
ween the richness of the fertilizers used and the nicotine contents of tobacco plants. 

In the present experiments, vith a view to ascertain the effect of different ma- 
nures and fertilizers on the nicotine content of tobacco, samples of tobacco grovn 
in jars as well as in field during two years (1916-17 and 1917-18) were examined 
for their nicotine content. Table V gives the nicotine contents of tobacco grown in 
jars in 1916-17 with different manures and fertilizers and Table VI the nicotine 
-content of tobacco grown in field during 1916-17 and 1917-18 with different manurial 
treatments. 

Table V 


No, of jars 

Treatment of jars 

Nicotine 

l and 2 

. No manure ......... 

5-12 

3 and 4 

. Superphosphate and nitrate of bo da ..... 

3-72 

5 and 6 , 

. Superphosphate and saltpetre ...... 

5-02 

7 and 8 

, Superphosphate, nitrate of soda and muriate of potash. 

4*67 

9 and 10 . 

. Farmyard manure 

5-11 

11 and 12 

. Farmyard manure and superphosphate 

3-67 

13 and 14 

. Farmyard manure and nitrate of soda r. 

3-78 

15 and 16 

. Esoess superphosphate with nitrate of s<^da and muriate of 
potash. 

4-27 


An examination of the figures in Table V will show that although tobacco grown 
in unfertilized jars and in jars treated with farmyard manures were decidedly very 
poor in size and weight, they gave high nicotine contents, whereas those grown in 
jars receiving superphosphate and nitrate of soda or superphosphate, nitrate of 
soda and muriate of potash with much better growth and yield gave comparatively 
low nicotine contents. 

In Table VI, a column giving the fresh weight of tobacco crop yielded against 
the column for the nicotine content has been added. If we now examine the figures 


1 V. S. Dept, of Agri. Bureau of Plant Indmtiy, Bull 105. 

*Bichem. Zteckr 69 (1915), 5-6, 461-466, 
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%Ilprtie .... 3-90 14*60 23-G j 3 41 41*40 | 293 

Supei^aht^phate and saltpetre 3*86 4842 26*9 I 4*05 46*08 f 24*7 
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for the nicotine content along with the figures for the yield, we find that in case of 
Pusa Type 28 as well as in case of Surujmukhi the nicotine yield is, in majority 
of cases, proportional to the yield of the crop or in other words to the growth of 
tobacco. On the other hand, we also find that in case of Pusa Type 28 indigo seeth, 
though giving as high a yield as farmyard manure, gives a verv low nicotine con- 
tent (the lowest in the series) and no manure though giving a very low yield (the 
lowest in the series) gives as high a nicotine content as farmyard manure giving 
the highest yield in the series. Such irregularities have been observed in pot cul- 
ture experiments too, where tobacco grown by no manure and farmyard manure, 
with a poor yield, gave a high nicotme content, and those grown by superphos- 
phate and nitrate of soda or superphosphate with nitrate of soda and muriate of 
potash, with a much better yield, gave a comparatively low nicotine content. How- 
ever, on the whole, the results clearly indicate that the nicotine content in tobacco 
is generally proportional to the yield or in other words to the growth of tobacco. 
Again when we examine the column containing kilos of leaves per kilo nicotine in 
Table VI we find that superphosphate or nitrate when applied alone tends to de- 
crease the nicotine content, but a combination of these two manures tends to in- 
crease the proportion of nicotine. 

Adolf Mayer 1 while studying the conditions of growth favourable to the de- 
velopment of nicotine content of tobacco, showed that not only manures but in- 
creased temperature, direct sunlight and increased humidity each individually 
favours the formation of nicotine, while an increased water content of soil, which 
is generally attended with a low dry matter of crop, hinders its formation. In 
general, it may be concluded that any factor which promotes the growth of the 
plant is advantageous to the formation of nicotine, and any which hinders the growth 
is disadvantageous to the formation of nicotine. 

HI. The effect of u Topping 55 and “ Spiking ” on the Yield and Quality 

of Tobacco. 

“ Topping ” is an operation which consists in breaking the top at the growing 
point, when tobacco plants are 2 ft. to 2 ft. 6 in. high and when the bunch of young 
flow rs as well put out The object of this operation is to prevent plants wasting 
their energies in sprouts, shoots, suckling, flowers and seeds. 

“ Spiking ” is an operation which consists in breaking the top at the growing 
point, inserting a little skewer at the fracture and pushing it a little way down when 
the tobacco plants are about 1 ft. to 1 ft. 6 in. high. The object of this operation 
is to dwarf the plant, to prevent it throwing out more shoots, and to produce broad 
and coarse leaves, about ten of which constitute the crop. 

“ Topping 59 as described above is practised in .America and all other tobacco- 
growing countries except India where over a considerable tobacco-growing area 

Landw. Ver&uchs 8tat. 38, p p. 453-467. 
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spiking is more commonly adopted. In the Madras Presidency, however, where a 
Tood deal of tobacco is used for cigar making, topping as practised in America is 
carried on. The mass of the tobacco grown in India is consumed m the country 
by the people themselves for chewing purpose. The object of the cultivator is to 
rrow a heavy crop of coarse tobacco, attention is never paid towards produc ing 
a better quality of tobacco smtable for cigar or cigarette making. The reason for 
bhis is obvious ; there is little or no demand for tobacco of better quality within the 
country, neither are there agencies for supplying raw materials of better quality 
in large quantities to Great Britain and other countries for their tobacco factories. 

The growers of tobacco are relatively poor men with small capital, their ideas 
are primitive, they have greater faith in their old practice of spiking because they 
believe that it brings forth a greater yield of the crop and consequently will fetch 
more price. The object of the experiment detailed below is to throw kgkc on these 
two operations by making a study of their comparative effect on the yield and qua- 
lity of tobacco. 

In 1916-17 a number of plants in each of the fourteen plots were simply topped, 
while others were spiked. Since spiking was carried on earlier than topping, for 
each spiked plant, chosen for this experiment, another one of the same size and in 
close proximity to it was selected for topping. All such pairs of spiked and topped 
plants for experimental purpose were marked with proper labels and consequently 
there was no difficulty in identifying them when the crop was cut. 

The dry weight of leaves and stems of plants from each of the various plots and 
of each variety (Pusa Type 28 and Surujmukhi) obtained by the two operations 
are set forth in Table VII given below, 


Table VII. 


Plot 

Variety 


Spiked 

Topped 


Dry weight 
of leaves 

Dry weight 
of stems 

Dry weight 
of leaves 

Dry wiegnt 
of sterna 




grm. 

grm. 

grm. 

grm. 

A 

Pusa Type 28 . 


202*3 

36*5 

187*0 

61*7 

At 

Pusa Type 28 . 


195-1 

38*3 

196*9 

42*3 

A, 

Surujmukhi 


179*5 

56*7 

147*1 

44*4 

D 

Pusa Type 28 . 


301*5 

52*6 

247*8 


D* 

Pusa Type 28 . 


149*5 

21*4 

177 2 


D 

Surujmukhi 


188*6 

55*4 

168*3 

74-3 

E, 

Pusa Type 28 


204*0 

60*7 

213*6 


E 

Surujmukhi 


294*4 

80*6 i 

2598 


E* 

Surujmukhi 

. 

191*8 

72*5 ; 


79*5 



Total 

1906-7 

464*7 5 

1834*7 

563*6 
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An examination of the figures in the above statement will show that in 5 cases 
the spiked plants gave a higher yield in leaves and in 4 cases the topped ones gave 
a higher yield. Taking the results as a whole, we find that the effect of spiking 
has been to increase the yield of leaves to a very small extent (1 per cent.) over topp- 
ing, and the effect of topping has been to increase the weight of stems by 20 per cent, 
over spiking. 

In 1917-18, a plot 30 ft. by 24 ft. was manured with superphosphate and farm- 
yard manure. The manured plot was divided into 4 quadrants each 12 ft. by 15 ft. 
and in each of these 4 plots, a variety known as Kawma was transplanted. In two 
of the diagonally situated plots, all the plants were topped. The spiking was carried 
on when the plants were l\ ft. high as is the common practice in the country. Topp- 
ing was carried on when the plants were 2 ft. high and young flowers were show- 
ing. The average number of leaves to each plant was 12 in case of spiked ones and 
14 in case of topped ones. 

The results obtained are set out below — 


Table VIII. 


Kawnia Spiked 

Kawnia topped 

Dry weight of lea\ es 

Dry weight of stems 

Dry weight of leaves 

Dry weight of stems 

Kilos 

. 

Kilos 

Kilos 

1 

Kilos 

3-58 

1*039 

3-82 

1-456 

3-37 

1-016 

3-03 

t 1*337 

6-95 

2*055 

6*85 

2-793 


An examination of the figures in the above table will show that the yield of tobac- 
co leaves by both the operations (spiking and topping) are almost identical and 
that the effect of topping has been to increase the yield of stems by about 36 per 
cent, over spiking. It thus confirms previous year’s results. 

So far as the quality of tobacco in respect of texture, colour, elasticity etc., 
is concerned, Mr. A. C. Acree, Director of the Indian Leaf Tobacco Development 
Company, Dalsing Sarai, reported the topped ones as decidedly superior to the 
spiked ones. His report runs as follows : — In regard to the four samples of 
Kawnia tobacco my opinion is the tobaccos which have been topped are the best.” 
In the first year three samples of tobacco which were topped and the corresponding 

f three samples which were spiked were submitted to a chemical analysis for those 
constituents which are commonly recognized as affecting the quality of tobacco. 
In the following year 1917-18 all the four samples of spiked and topped tobaccos 








2 . N. MUKERJI 


19 


were examined for the same constituents. The analytical figures obtained in 1917- 
18 confirmed the previous year's result which points to the conclusion that the rela- 
tive effects of either topping or spiking on the ash. potash, chlorine and protein 
contents of tobacco are in no way appreciable, and that topped plants in majority 
of cases gives a higher nicotine content. These will be evident from an examination ' 
of Table IX given below : — 
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A comparative test on the burning capacities of topped and spiked samples of 
Kawnia grown in the experimental plot were made by Toth’s apparatus. The 
topped sample gave a higher combustion value (650) against the spiked one with a 
value of 500. When smoked the topped ones burnt better than the spiked ones. 

The result of the comparative effect of topping and spiking obtained during two 
successive years’ experiments therefore show that : — 

) (1) The yield of tobacco leaves by both the operations topping and spiking 
are almost identical. 

(2) Topping has the effect of increasing the outturn of stalk and stem, which 

apart from its value as fuel, has a manurial value too. The stems 
are also used in snuff making. 

(3) Topping has the effect of improving the quality of a tobacco and making 

it suitable for cigar and cigarette making, whereas spiking produces 
a tobacco of a coarse, inferior quality and not so suitable for cigar 
or cigarette making. 

(4) There is hardly any difference between topped and spiked tobacco, so 

far as their ash, potash, chlorine, and protein contents are concerned. 

(5) Topped plants in a majority of cases give a higher nicotine content. 

(6) Topping produces tobacco of a better burning quality than spiking. 

If topping has the effect of improving the quality of a tobacco to such an extent 
how is it that the Indian ryots and cultivators do not adopt this practice 1 The 
reasons are obivious. Firstly, there is little or no demand for such tobacco in this 
country. Only a few cigarette manufacturing companies now established in India, 
such as the Peninsular Tobacco Company, Monghyr, are the only concerns which 
appreciate and demand such a product. Apart from these there are very few agencies 
in India at present who would deal with such an improved product in the way of 
supplying other countries. The bulk of tobacco grown is consumed in the country 
by the people themselves for chewing purpose and topped tobaccos do not as a rule 
appeal to their tastes. Secondly, the cultivators are under a misapprehension that 
topped tobacco will always give a lesser yield of leaves by weight and so will fetch 
a lesser price. In fact, if topping is carried on properly and if on the average four- 
teen leaves axe kept to each plant, topping gives as good a yield as spiking. PitBch 1 
from his experiments conducted at Wageningen, to ascertain the effect on the size 
and fineness of the leaves of topping to ten, twelve and fourteen leaves per plant, 
has shown that the total weight of dried leaves on 10 plants, topped to ten, twelve 
and fourteen leaves, were 422*5, 564*1 and 875-9 grm. respectively. Not only were 
the total leaves with fourteen leaves the largest but these plants also gave the largest 
yield of high grade tobacco. He further noticed that the leaves were as a rule larger 
and thicker when fourteen leaves remained than when twelve were left. In the 
present experiment 14 leaves were kept to each plant when topped and the size of 


1 Deal Lander. Presse-. 20 H805), No 76. 
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the leaves of the resulting plants were in no way inferior to the leaves from spiked 
plants. Thirdly, the cultivators here have no idea that topped plants give a much 
higher outturn of stems which has got a good inanurial value as the following analy- 
sis of two samples of stems indicate. 



— 


| Aii-chy tobacco 
| stems, 1917 

i 

An-diy tobacco 
stems, 1918 

Organic niti oeen 

. . . , 

• • 

| Per cent. 

3*07 

Per cent. 

Phosphoric acid (TV > 3 ). 

. 

. 

0*98 

0*34 

Potash (K 4 0) 

. 

. 

. 4*03 

1 

4*43 


In this connection, Davidson, 1 from his examination of 4 varieties of tobacco, 
has shown that about one-third of the fertilizing constituents are lost in tobacco 
stems and roots \\ hich should be returned to the soil. Lastly strong tobacco having 
a high nicotine content finds a good market in this country ; the cultivators are 
under a misapprehension that topping has the effect of always reducing the nico- 
tine content to a great extent ; this is hardly the case, as the results of the present 
experiment indicated. 

IV. Ground-curing and Rack-curing. 

Ground-curing is the ordinary method of curing tobacco which is generally 
followed throughout India and is carried out in the following manner. 

The plants are cut and allowed to be on the ground for a couple of days after 
which they are carried to some grassy spot and laid out so as to be exposed to the 
sun during the day and to the dew at night, being turned daily. After eight or ten 
days of this treatment every third or fourth day, the plants are stacked together 
till they become heated, when they are again spread out to cool. 

If at this time sufficient dew does not fall at night a little water is sprinkled over 
the leaves at evening-time, and this treatment proceeds lor twenty days or more. 
The plants are then brought into cover and stacked ; they are turned every third 
and fourth day, the top going to the bottom and bottom to the top and so on. At 
this stage, every care is taken to prevent the tobacco getting overheated. If the 
leaves show a tendency to dry, the heaps are covered with plaintain leaves, over 
which is placed a blanket or gunnies. 

Ground-curing produces tobacco of a dark brown hue and generally of leaves of 
small elasticity. For cigarettes, this dark brown colour is undesirable and the more 
this develops, the lower is the value of the product. For Indian market, colour is 
of very little importance and no care is ever taken to produce tobacco of a light 
colour. 


1 Virginia Stale Bull . 14, 1892/ 
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Since ground-curing does not produce tobacco of a suitable quality for cigarette 
manufacture and since flue curing in barn does not suit the local conditions prevail- 
ing in this country, the Peninsular Tobacco Company suggested the process known 
as " rackcuring 5 ' which consists of the following operations. Before the crop is 
harvested the stems are split with a knife, almost to the ground, then cut down and 
crop left lying on the field for about three hours. W hen the plants are a little 
wilted they are inverted and slung on bamboo sticks, so that they just touch one 
another side ways. The loaded sticks are then hung on bamboo racks provided 
with a thatched roof made of grass. The tip of the leaves are kept about a foot 
above the ground, and sufficient space for drying and for free circulation of air is 
maintained between the row’s of loaded sticks as they are placed on the rack. The 
object of the roof is to protect the plants from dew and rain. When the midribs 
of the leaves are dry the plants are taken down and the leaves stripped off and 
bundled. The advantages of this method of curing are evident ; there is lesser 
probability of the leaves being broken and bruised here than is the case with ground- 
curing where the crop is handled too often, the drying is also slower and the rapid 
oxidation process in presence of moisture, which changes the colour from yellow to 
-brown, is avoided by protecting the plants from dew. 

The object underlying the experiment now under review was to make a compara- 
tive study of the changes occurring during the process of curing by these two 
methods. 

In March 1917, a number of plants from one large plot were rack-cured and the 
rest from the same plot were ground-cured by the ordinary country method. A 
sample of the rack-cured and one of the ground-cured tobaccos of one and the same 
variety and grown in the same field were obtained from the Indian Leaf Develop- 
ment Company, Dalsing Sarai, These four samples of tobacco (two ground-cured 
and two rack-cured) were analysed for their ash, potash, chlorine, amido nitrogen 
and nicotine contents. An examination of these samples (Table X) showed that 
excepting the nicotine the other constituents were hardly affected. 


Table X. 


Constituents 

Tobacco from Balsxmo 
Sarai 

_____ _ _ __ 

Tobacco fbom Pcsa Pot 
Cult traas House 

Rack-cured 

Ground-cured 

Rack-cured 

Ground-cured 




Per cent. 

Per cent. 

Per cent. 

Per cent. 

Xieotine 



2-25 

2 -m 

2*79 

3*59 

Pure aeh 

. 

. 

19-37 

16*95 

17*66 

19*70 

Potash as K«Q 


f , 

0*17 

2*82 

3*40 

3*17 

Chloride as Cl 


» » 

0+75 

1*90 

0*29 

om 

Amido nitrogen . 

* 

- 


0*32 

0*17 
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j The results tabulated in Table X indicate that rack-curing has the effect of reduc- 
ing the nicotine content appreciably. The reduction of nicotine (specially the vola- 
tile nicotine) in the tobacco by rack-curing may also account for the suitability of 
such tobacco for cigarette manufacture. 

Garner 1 has shown that nicotine exists in two forms in tobacco, one of which is 
easily volatile and readily soluble in petroleum ether, while the other is volatile 
only at elevated temperatures and is almost insoluble in petroleum ether. He has 
further shown that the undesirable sharpness or pungency contained in the smoke 
of certain types of cigar filler tobacco is due almost entirely to the volatile easily 
soluble form of nicotine which acts, as if it were, in the free state. The pungent 
harsfi quality of smoke is partially but not entirely removed by protracted resweat- 
ing and aging of the tobacco, whereby easily volatile nicotine is largely expelled. 
It would, therefore, appear that during the process of curing on rack, owing to the 
free circulation of air round the plants and slow drying of the tobacco, a large pro- 
portion of the so-called volatile nicotine, which gives the undesirable sharpness or 
pungency to the smoke from certain types of tobacco, is expelled and the quality, 
improved thereby. 

With a view to obtain confirmation of these results and ascertain how much of 
the sugar and starch of tobacco are consumed during the process of rack-curing and 
ground-curing, estimations were made on tobacco cured by both these processes 
during 1918. For this purpose, two samples of rack-cured and two samples of 
ground-cured tobaccos were prepared and examined. The results are set forth in 
Table XI and show that, as in the previous year, the ash, potash and amido nitro- 
gen were practically unaffected by any of the two processes, but that the effect of 
rack-curing was to reduce appreciably the nicotine content. 


Table XI. 


Constituents 

Tobacco plot B 

Tobacco blot D 

Rack- cured 

Ground-cured 

Rack-cured 

Ground-cured 





Per cent. 

Per cent. 

Per cent. 

Per cent. 

Nicotine 

- 

‘ 

• 

4-28 

4-54 

4-84 

5*85 

Pure ash 


* 

• 

17*68 

17-22 

17*74 

17*17 

Potash (K a O) 

• 

• 


3-11 

2-97 

2*27 

2*40 

Chlorine (G ]) 

• 

• 


•* 

022 

0*39 

0*42 

Amido nitrogen . 

* 

• 

• 

0*296 

0*232 

0*206 

0*248 


1 U- 3. Dept, of Agri. Bureau of Plant Industry, Bull. 141, Pfc. I. 
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In order to test the efficacy of rack-curing in removing a portion of the so-called 
volatile nicotine, samples of tobacco latterly cured by the ground and the rack 
processes were extracted with petroleum ether and ether successively (the petroleum 
ether dissolving the volatile nicotine and the ether the total nicotine), and volatile 
and Fixed nicotine determined in the extract. A brief summary of the results 
obtained is given in the following table. : — - 


Table XII. 


Sample 1 


SAMPLE 2 


1 

! Ground-cured 

1 

| Rack-cured 

Ground-cured 

Rack-cured 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Volatile nicotine .... 

1*74 

1*57 

2-53 

2-27 

Fixed nicotine .... 

3*11 

3-06 

0*91 

0*98 


A comparison of the results obtained clearly shows that ground-cured tobacco 
gives a higher content of volatile nicotine than rack-cured ones ; that is to say, 
rack-curing is more effective than groundcuring in reducing the volatile nicotine. 

Estimation of the sugar content of tobacco in fresh samples before curing and 
in the corresponding cured samples indicated that the proportion of reducing sugar 
to the total sugar increases in both rhe processes but the amount of total sugar 
consumed by both these processes of curing is quite irregular. 

With regard to the starch, the rack-cured tobaccos showed a higher content 
than those cured on ground or in other words the destruction of starch was greater 
in case of ground-cured tobaccos than those cured on racks as is evident from the 
following table : — 


Table XIII. 


Description of samples 

Freeh sample 
starch 

! 

Rack-cured 

starch 

Ground-cured 

starch 


Per cent. 

Per cents 

Per cent. 

Sample B-P 

4*84 

3*73 

2*23 

Sample D^P 

6*34 

3*62 

3*20 
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Studies on tobacco curing by these two processes have thus shown that — 

* 

(]) Rack-curing produces tobacco of a bright yellow colour quite suitable 
for cigarette manufacture, while ground-curing produces tobacco 
of dark brovcn hue. 

(2) Rack-cured tobacco leaves possess greater elasticity than ground-cured 

leaves and hence suit better for cigarette making. 

(3) Rack-curing has the effect of reducing the nicotine content and specially 

of the volatile nicotine, and it is this constituent which gives an un- 
desirable sharpness or pungency to the smoke. 

(4) Rack-curing produces tobacco with a higher starch content than those 

cured on ground. 

Though rack-curing has so many advantages over the ground-curing process, 
the disadvantages attending it are in no way less. Rack-curing entails a good deal 
of expense and supervision as has been pointed by Howard and Howard 1 in the 
following words : — <c A considerable amount of labour and expense arc involved in 
the errection of the curing racks. The curing process is a long one and the crop is 
on the rack for at least six weeks, during which it is liable to damage by wind, rain 
and hail. Towards the end of the process, the danger of fire has to be guarded 
against. A good deal of supervision is required when the cured plants are taken off 
the racks and the leaves are stripped and baled. 55 

The disadvantages attending the ground-curing method to produce a tobacco 
more suitable for cigarette manufacture are chiefly two : firstly, it produces tobacco 
of a dark brown hue, and, secondly, ground-cured tobacco leaves are harsh to the 
feel and possess less elasticity. As regards the latter, if damage to the leaves 
and stalks is avoided as far as possible by carefully handling the crop when spread- 
ing and stacking it and if the tobacco is not dried too fast, it will produce leaves 
possessing good elasticity. 


1 J^uea Agri. Bee. Jjist. Bull. 50, 
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FOREWORD. 

The writer was placed on special duty at the end of 1916 in order to investigate 
the reason for the low morphine content of Indian opium. The matter was of 
national importance, since in pre-war days the bulk of opium used for medicinal 
purposes was obtained from Turkey and when this latter country came into the war 
on the side of our enemies supplies of medical opium from that source ceased. Very 
shortly after the period of my special duty commenced, I was fortunate enough 
to discover the reason for the low morphine content of Indian opiums. The remedy 
was fortunately a simple one. Indian opium was shipped to Europe in sufficient 
quantities to supply all war-time needs. If necessary India is now in a position 
to supply opium of high morphine content. The work carried out under my direc- 
tion has been published in previous memoirs of this series and elsewhere. Early in 
1924, however, it was decided by Government to close down the research work on 
medicinal opium. 

At that time a number of investigations were in process. 

The memoirs now published describe such of these investigations as had reached 
a stage suitable for publication at the time the work was wound up. 

H. E. ANNETT, 

Agricultural Chemist to Government, Ventral Provinces . 




INVESTIGATIONS ON INDIAN OPIUM, NO. 4. FURTHER 
EXPERIMENTS ON THE INFLUENCE OF MANURES 
ON THE YIELD AND MORPHINE CONTENT 
OF THE LATEX FROM THE OPIUM POPPY. 

BY 

HAROLD E. ANNETT, D.Sc. (Land.), F.I.C., M.S.E.AC., 
Agricultural Chemist to Government of Central Provinces, Nagpur; 


AYD 

. n» 

HAR DAYALjSINGH, B.Sc. 

[ Received for publication on 7th May, 1925.] 


In a previous publications one of us 1 has described the results of four years’ 
experiments on the influence of manures on the yield and composition of the latex 
from the opium poppy. An account of manurial experiments on other drug pro- 
ducing plants carried out by other workers was there given. 

In the season 1920-21 and 1921-22 we have carried out further experiments 
in continuation of our previous work. The experiments carried out in the fifst 
three years 1916-17, 1917-18, 1918-19 showed that potash manures had little effect 
on either yield of opium or its morphine content. Superphosphate 2 had apparently, 
little effect, but there were cases in which it appeared to give a larger yield of latex. 
Nitrate of soda and organic manures, however, gave large increases in yield of Atex, 
and there were indications of a slight increase in the percentage of morphine in the 
latex. Accordingly in the season 1919-20 the experiments were limited to deter- 
mining the effect of various amounts of nitrate of soda and of poppy cake and castor 
cake. Large increases of latex yield were obtained with the nitrate dressings, but 
poppy cake gave a larger yield and castor cake the largest yield of all. With in- 
creasing amounts of nitrate there was a small but significant increase in the per- 
centage of morphine in the latex, and the highest percentage of morphine was obtaia- 


1 Mem. Dept of Agri. in India, Cheat. Berios, YoL VI, No. % 

1 For a reoonsideration of these results as regards superphosphate see thk paper, page 33, 
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ed in the case of the castor cake plots. The results obtained with nitrate of soda in 
increas ing the outturn of opium were so definite that trials were carried out with 
cultivators in the Kae Bareli District. Mr. Bryan of the Opium Department organized 
and carried through this district work with the aid of Mr. Farnon. About 30 acres 
of land belonging to 51 cultivators were used for the experiment. The land receiv- 
ing nitrate gave an average increase of 30 per cent, and 31’5 per cent, in outturn of 
opium and seed respectively. In only 6 out of the 51 cases were the non-nitiate 
plots superior to the nitrated ones. 


1920-21 Experiment. 

It was decided to carry out a more elaborate experiment on the effect of nitrate 
of soda, superphosphate and organic manures in the season 1920-21. A field was 
chosen roughly 1*39 acres in area and on it were laid out 56 plots, each 30'x25', 
equal to 1-60 acre in area. A margin 3' wide was left all round the plots and between 
each line of plots. The field had been unmanured for some years past but had been 
regularly cropped. Seed of a pure race of the same kind used in our previous manu- 
rial experiments was used. 


Manuring. 

The following diagram and table show the arrangement of the plots. As will be 
seen each plot was quadruplicated : — 


1 

8 

15 

22 

29 

36 

43 

50 

2 

9 

16 

23 

30 

37 

44 

51 

a 

10 

; 

17 

24 

31 

38 

45 

52 

4 

11 

18 

25 

32 

39 

46 

53 

5 

12 

19 

26 

33 

40 

47 

54 

6 

13 

20 

27 

34 

41 

48 

55 

7 

14 

21 

28 

35 

42 

49 

56 
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Plots No. Treatment per acre 


1, 17, 33, 49 . 


. 


. 


. No manure 



14, 26, 38, 60 . 






. NaXO a 

160 

lb. 


8, 24, 40, 66 . 






. NaNO, 

320 



7, 19, 31, 43 . 






. NaNO, 

480 



3, 15, 35, 47 . 






. NaNO* 

640 



2, 18, 34, 51 . 






Super 

240 

** 


6, 23, 39, 65 . 






. Super 

240 

„ NaNO a 

100 lb. 

4, 20, 32, 44 . 






. Super 

240 

„ NaNO s 

320 „ 

9, 25, 41, 53 . 






Super 

240 

„ NaNOa 

480 „ 

13, 16, 37, 48 . 






. Super 

240 

„ NaN0 3 

640 „ 

5, 21, 29, 45 . 






. Cattle dung 

20,000 

lb. 

12,28,36,52 . 






. Castor cake 

1,600 

»» 

11, 27, 30, 46 . 






^ Castor cake 

1,600 

M 







t Super 


240 


10, 22, 12 54 . 



. 

- 

. 

. Poppy cake 

1,600 



The whole field having been well prepared was set out in plots on 5th November, 
1920, and the castor cake, poppy cake, cattle dung and superphosphate were all 
applied on that day. The field wa^ irrigated on the 6th, Tth and 8th November, 
and was sown on 11 — 15th November. It was unfortunate that the conditions of 
different parts of the field were sueh that it could not all be sown on the same day. 
The plots receiving nitrate had it in two equal dressings, the first being applied on 
19th January, 1921. A timely fall of rain occurred the next day. The second 
dressing of nitrate was given on 21st February, 1921, and was followed by an irriga- 
tion . 

Harvesting of produce. 

Lancing for opium commenced on 20th March, 1921. It was not practically 
possible with the staff at our command to lance all plots on the same day. The 
lancing was. therefore, carried out as in the following programme. 


Dates of lancing 



In considering the results one must therefore take into account the possibility 
of the effect on the yield due to the different weather conditions on the different 
days on which lancing took place. As far as we are able to judge there was 
marked differ ence in weather conditions during the lancing peadod* 
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After lancing had been completed the plants were allowed to ripen. They were 
then cut and dried in the sun and their total weight determined. The seed was then 
separated and weighed. 

The morphine content of the opium of the first lancing only was determined. 
The total dry weight of the opium of each lancing was estimated by taking a portion 
of each sample for drying in the water oven. 

In the following table we have summarized our results. 

Effect of manures on outturn and morphine content of opium, Gawnpore , 1920-21 . 
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Effect of manures on outturn and morphine content of opium 9 Cawnpore , 1920-21 

— contd. 


Pk* 2fo. 

Manorial treatment 
per acre 

Total 

sun-dried 

plant 

OK. 

WE 

Seed 

OK. 

JGHT OF PRODUCE PEE PLOT 

OPITM (DKY MATTIE) 

OEM. 

Per cent, 
morphine 
on drj 
matter 
of 1st 
lancings 

Lancing* 

1st 

2nd 

3rd 

Total 

1 

2 

3 

4 

5 

6 

7 

8 

9 

3 . 



400 

98 

61-7 

10 0 

■ 

72*7 

11*9 

15 . 



244 

72 

51*4 

5*0 

0*2 

56*6 

10 9 











35 . 



258 

70 

54*8 

C-4 

0*6 

61*8 

10-1 

47 . 



404 

98 

85*6 

16 u 

1*6 

103-5 

10-0 

Average 

.... 


326 

84 

634 

»« 

•• 

73-6 

10-7 

2 . 



496 

100 

D 

13*2 

2*6 

73*6 

13-0 

18 . 



432 

103 


72 

1*0 

78*2 

12-0 


vsgmamtvm 

-4 
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448 

112 

80-7 

6-4 

1-5 

88*6 

119 

51 . 


w 

424 

114 

50 6 

10*6 

1*5 

62*7 

12-5 

Average 

.... 


450 

107-2 

64-8 


•• 

75 8 

123 

6 . 


jr 

376 

84 

85 6 

12 5 

31 

101*2 

12*8 

23 . 

Super, 240 lb. 


570 

j 145 

93*2 

83 

04 

101*9 

11*5 


> 









39 . 

XaNO, 160 lb. 


532 

128 

76 3 

93 

08 

86-4 

10 7 

55 . 


l 

428 

100 

59 9 

miM 

■a 

08*0 

11-6 

Average 

.... 


478 

114-2 

78-7 

n 

B 

89 4 

113 

4 . 

-v 


656 

139 

80*7 


B 

909 

14 3 

20 . 

Super, 240 lb. 


580 

148 

78*8 


0*7 

86*3 

12*6 


> ^ 

«< 
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XaXO, *20 lb. 


542 

132 

946 

10 3 

1*0 

105 9 

11*3 

44 . 



702 

170 

798 

9-1 

08 

89*7 

12 7 

Average 

.... 


620 

147-2 

88-5 

*• 

•* 

93-2 

12 7 

9 . 

1 


640 

146 

890 


21 

107-4 

n$ 

25 . 

i Super, 240 lb. 


480 

106 

80*9 


0-4 

89*9 

19 5 

41 . 

| XaXO, 480 lb. 

1 

! 388 

81 

68*1 


6-$ 

67*8 

19*9 

53 . 


! 

624 

144 

97-1 

13-7 

80 

111*9 

11*8 

Average 

.... 


532 

121*8 

83-3 

** 

*• 

«* 

11-4 
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Effect of manures on outturn and morphine content of opium , Cawnpore, 1920-21 

— concld. 
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An examination of the above figures shows that nitrate of soda applied alone has 
usually given a distinct increase in the weight of the crop and of the seed. It has 
usually given a distinct increase in outturn of opium from the first lancing over the 
unmanured plots, but when the total yield at all lancings is considered the increase 
is much less noticeable. When applied alone the nitrate of soda appears to have 
had no effect in the morphine content of the opium. 

The effect of superphosphate alone appears to have had a larger effect than 
nitrate of soda in increasing the outturn of total produce and of seed, but it has 
had only a small effect on the yield of opium. It seems, however, to have caused 
a small increase in the morphine content of the opium. 

Superphosphate applied in conjunction with nitrate of soda has brought about 
very large increases in yield of total produce, in seed, and in the yield of opium. 
The morphine content of the opium appears also to show a distinct increase over 
that from the unmanured plots. 

Cattle manure has given large increases in total produce and in seed outturn, 
but has not increased the yield of opium. It seems, however, to considerably 
increase the morphine content of the opium. It must be borne in mind that the 
cattle dung was put on very late only 6 — 10 days before sowing. 

Castor cake alone has given a considerable increase in outturn of total produce 
and of seed and a small increase on opium yield. It has, moreover, produced a 
small increase in morphine content of the opium. 

Castor cake combined with superphosphate has given better results all round 
than castor cake alone and has produced a decided increase m morphine content of 
the opium. 

Poppy cake has given distinct increases in outturn of total produce and of seed 
hut no appreciable increase in outturn of opium or amount of morphine in the opium. 

Since superphosphate appears to have had a distinct effect in increasing the 
morphine content of the opium we have re-examined our results with superphos- 
phate obtained on the manurial experiments carried out in 1916-17 and 1917-18. 
In those yeaxfe the plots were only duplicated and not quadruplicated is in our more 
recent experiments. It would 'seem to us that our earlier reSultfe might be taken 
to indicate that superphosphate did have some effect in increasing the morphine 
content of the opium. The reader is particularly referred to our Memoir 1 quoted 
below. At the time that work was published it did not appear to us legitimate to 
conclude that the effect observed was significant. 

1921-22 Experiments. 

The experiments carried out in this season were on different lines. Superphos- 
phate was not used but the experiment was designed to test the effect of nitrate of 


1 Jfejju Itept of A pri* fa Intfia, Ohm* Berk** VoL Yl t X *01* 1Q& 1W* 
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soda alone and in combination with castor cake. Experiments with cattle dung 
and with nitrate of potash were also added to the series. 

A pure race of seed was used, the same which has been used in all our manurial 
trials. Each plot was quadruplicated. The field used had been unmanured for 
many years previously but had been continuously cropped. It measured approxi- 
mately 2 acres in area. The field was divided into 36 plots each 60'xl5' or nearly 
1-48 acre each. All around each plot a marginal area 3 feet wide was left. In one 
part of the field a trial pit had been dug by the Public Works Department. A 
whole strip 14 feet wide which included this pit and running the length of the field 
was left out of the experiment. It was, however, sown with poppy having been 
manured with poppy cake at the rate of 7 maunds per acre. 


Manuring . 

The diagram and tables show the arrangement of the plots which, as stated 
above, were quadruplicated. 


1 

7 

13 

19 

25 

31 

2 

8 

14 

! 

20 

26 

32 

3 

* 

9 

15 

21 

27 

33 

4 

10 

16 

22 

28 

34 

5 

11 

: 

17 

23 

29 

35 


Not under expei 

■iment. 




6 

12 

18 

24 

30 

36 


Plots No. Treatment per acre 

. • • . . . . No manure. 

• . . . . . . Sodium nitrate, 160 lb. 

Do. 320 lb, 

Castor cake, 560 lb. 

Do. 1,120 lb. 

( Castor cake, 280 lb. 

I Nitrate of soda, 80 lb. 

C Castor cake, 560 lb. 

* X Nitrate of soda, 160 lb. 

. . . . . . . Cattle dung, 20,000 lb. 

Potassium nitrate, 160 lb. 


8, II, 26,29 
7, 10, 26, 28 
9, 12, 27,30 
2, 6, 20, 23 

14, 17,32,38 

1, 4, 19, 22 . 

15, 18, 33,36 

13, 16, 31, 34 
3,6,21,24 . 
































ANNETT AND HABBAYAL SINGH 


35 


The land having been prepared and set out in plots, the castor cake and cattle 
manure were applied on 19th October, 1921, and ploughed in. The seed was sown 
broadcast at 6 lb. per acre on 22nd and 23rd November, 1921. The nitrate of soda 
and potash dressings were put on in two equal dressings, the first on 24th January, 
1922, and the second on 25th February, 1922. 


Harvesting of produce. 

The first lancing of all the plots took place on 23rd March, 1922, the second 
lancing on the 26th, the third on the 29th and the 4th and final lancing on 1st April, 
1922. Unfortunately, however, through an oversight complete records of yields of 
the first lancings only were obtained. Analyses were, however, made of the mor- 
phine content of the opium of the first lancing from each plot and the figures are set 
out in the accompanying table. 


Plot No. 

ri - 
an 

Manurial treatment per acre 

& — 

A 

k. ^ 

Percent, 
morphine in dry 
matter of opium 
of 1st iaarunngs 

S . 



* 

■ 





11-6 

11 . 









12*6 











26 . 









10-9 

29 . 








w 

9-9 

Average 





.... 




114 

7 . 









12-8 

10 . 








1 

12-3 






J-NaNO, 160 lb. . 

m 

m 

• 1 


25 . 








1 

12-1 

28 . 


» « 






■ 

104 

Average 





.... 




114 

9 . 








■ 

124 

12 . 









12-7 






VNaNO, 3201b. . 


m 

X 


27 . 


• 

4 






104 

30 . 



• 







Average 

• 


• 


.... 



■ 

IPS 
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Plot No. 

Mammal treatment per acre 

Per cent, 
morphine in dry 
matter of opium, 
of 1st lancmgs 

2 ♦ 





• 





/ 

13-7 

6 . 











12-7 








[^Castor cake, 560 lb. 

# 




20 . 












23 . 










■ 

D*4 

Average 







.... 




12*5 

14 . 











13-2 

17 . 











13*1 








>Castoi cake, 1,120 1j. . 


. 

J 


32 . 











13 2 

35 . 











13 2 

A ter ape 







.... 




13 2 

1 . 











12*8 

4 . 







Castor cake, 280 lb. 

. 

9 


12*7 








> 



< 


19 . 







NaNO s 80 lb. . 

* 

• 

• 

11*6 

22 










s 

9*7 

A ter age 







.... 




11*7 

15 . 











13*3 

18 . 







Castor cake, 560 lb 

. 


. 

14-3 








>» 



-1 


33 . 







NaN ) 3 1601b . 

• 

* 

•1 

12*2 

36 * 











14*0 

Average 







.... 




13*4 

13 . 











12*8 

16 . 











13*7 













31 . 







prattle dung, 20,000 lb. 




13*2 

34 . 











12*2 

Average 

* 






» « • * 




13*0 
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3 . 

6 . 
21 . 
24 . 

Average 


Plot No. 


Manurial treatment per acre 


>KNO s 160 lo. . 


Per cent 
naoiphine in dry 
matter of opium 
of Uft lanemgs 


1M 

13-6 

9« 

114 

11-6 


Nitrate of soda alone seems to have no marked effect on the morphine content 
of the opium. 

Castor cake, however, appears to have distinctly raised the morphine content 
of the opium except in the case of the plots which received only 280 lb. of castor 
cake and 80 lb. of NaN0 3 per acre. Cattle dung seems also to have considerably 
increased the morphine content of the opium. Nitrate of potash appears to have 
had no more effect than nitrate of soda on the morphine content of the opium. 

In general, therefore, it appears that the organic manures, castor cake and cattle 
manure, have had a distinct effect in increasing the morphine content of the 'opium. 
This effect does not appear to be due to either the nitrogen or potash they contain, 
and it is possible it is due to phosphate, since superphosphate in the previous season’s 
experiments produced a distinct increase in the morphine content of the opium. 

Conclusions. 

Organic manures such as cakes and cattle manure in addition to giving an in- 
creased yield of opium appear to produce an increase in its morphine content. The 
increased morphine content does not seem to be brought about by the nitiogen or 
potash supplied in the organic manure. 

It is possible, however, that the effect is due to the phosphoric acid supplied in 
the organic manure, since superphosphate in our experiments ot 1920-21 has brought 
about a distinct increase in morphine content of the opium. A reconsideration 
of our results obtained in the seasons 1916-17 and 1917-18 would appear to show 
that in those experiments also there were indications that superphosphate caused an 
increase in the morphine content of the opium. 
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During the course of our work on the factors influencing the alkaloidal content 
of Indian opium we have carried out a few experiments on the oil-content of the seed 
produced by the same pure race grown under different mammal conditions and in 
different localities. We have also determined the oil-content of the seed produced 
by a number of different pure races in four successive seasons. The opium poppy 
plant usually produces a number of capsules, the terminal one being the oldest. 
We have determined the oil-content of the seed produced by the terminal capsules, 
i.e., the oldest, and by the younger or lateral capsules. A few figures were also ob- 
tained for the oil-content of seeds produced both by capsules which had been lanced 
and unlanced for opium on the same plot. 

Method of analysis used. About 20 grm. of seed were crushed in a coffee mill 
and 4 grm. were taken for extraction with ether in the Soxhlet Apparatus in the 
ordinary way. After 4 hours’ extraction the extracted residue was removed from 
the thimble, dried in the air before a fan, and having been ground up in a mortar was 
re-extracted in the same thimble and apparatus for 2 hours more. Since poppy oil 
is a semi-drying oil, care was taken to carry out all the analyses in exactly the same 
manner particularly as regards length of time during which the extracted oil was 
finally dried before weighment. 

1-2 grm. of the original crushed seed were dried in the water oven for 5-6 hours 
in order to determine the moisture content. 

In the first table are given the figures obtained for the oil-content of the seed of a 
number of pure races grown at Cawnpore in three successive seasons and of three 
of these races grown at Budaun 200 miles from Cawnpore in the fourth season. The 
pure races were originally isolated by Dr. H. Martin Leake. 

( m J 
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Table I. 

Effect of season on oil-content. 

I Oil peb cent, on dby matteb op seed 


No. of 

Pure Race 


3919-20 

Cawnpore 

1920-21 

Cawnpore 

1921-22 

Cawnpore 

1922-23 

(Budaun) 

50 . 

A • 4 


50*8 

494 

49*3 

50*3 

251 . 


. 

51-7 

52*0 

52*3 

. . 

287 . 

* * « 

* 

47*9 

48‘9 

47*9 

. . 

343 . 

• • • 


50*0 

47*8 

48*7 

. . 

347 . 

• 4 • 

* 

46*5 

49*0 

46*6 

. . 

1596 « 

• » • 


52*0 

51*3 

50*0 

52*3 

1641 . 

* m * 

. 

49*1 

49*7 

46*3 

48*1 

1644 . 



50*4 

49*8 

48*1 

* 

1645 . 

. 

• 

50*9 

49*7 

46*6 

• • 


The variations among the figures tor oil-content given in the table are so small 
that it is difficult to draw any definite conclusions from them. The pure races do 
not differ much among themselves though Nos. 287 and 347 seem poorer than the 
others. There is little seasonal variation and the climate of Budaun does not seem 
to have affected the oil-content of the seed. 

In the season 1919-20 a series of manurial experiments was carried out in which 
different amounts of nitrate of soda were applied to a series of plots. Two plots 
receiving poppy cake and castor cake respectively were also included in this series. 

In the season 1921-22 the manurial scheme was rather different. These manurial 
experiments were carried out in connection with our work on the alkaloid content 
of the latex. The seed, however, was available for the purpose of oil determination. 

Table II. 

The effect of increasing amounts of nitrate of soda on the oil-content of poppy seed , 

1919 - 20 . 


No. of Plot 

Manurial treatment per acre 

On. PEB CENT. 
TER OP SEED 

IN DBY MAT- 
PBODUCED BY 

Unlanced 

heads 

Lanced 

heads 

11 . 

nil 

48*6 

48*9 

1 . 

NaN0 3 , 80 lb 

48*8 

. . 

16 . 

» 80 lb. • . ♦ . . 

48*1 

49*2 

15 * 

160 lb. • . . . » 

48*5 

. . 

12 . 

„ 320 lb 

49*2 

49*3 

10 . 

„ 480 lb. 

48*2 

48*2 

13 . 

„ 640 lb. ... 

48*1 

48*8 

9 . 

Poppy cake,’l,600 lb 

49*0 

48*1 

14 . 

Castor cake, 1,600 lb. ... . 

49*0 

• i 
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Table III. 


The effect of nitrates and organic manures on the ml-content of poppy seed , 1921-22. 


No, of plot 

Manurial treatment 

per 

acre 


Oil per cent, on 
dry matter of 
seed 

8 


• • • 

• * 

nil 





49*6 

n 

. 

■ m * 

• • 

nil 





50*3 

7 

. 

• • * 


NaNO s 160 lb. 

• 


- 


49*7 

10 

. 

• « * 


H ft • • 





49*4 

9 

. 

• • • 

• • 

„ 320 lb. . 





49-2 

12 

* 

• * « 

• • 

»» »» * 





50*0 

3 

• 

• • 

* * 

KN0 3 160 lb. 





51-0 

6 

• 

* . • 


99 99 * * 





50*0 

2 

. 

♦ * • 


Castor cake, 560 lb. 





50*2 

5 

- 

• • • 


» » * 





60*1 

1 

• 

* • * 


Castor cake, 280 lb. ^ 





50*0 





NaN0 3 80 lb. .j" 






4 

. 

* • • 


99 99 * 





49*8 

15 

• 

• • • 

• W 

Castor cake, 560 lb. ^ 





60*7 





NaNO s 160 lb. ,J 






Pi 

• 

* * • 

• ♦ 

Poppy cake, 560 lb. 





49*6 



• • ♦ 

• • 

» »» • 





50*9 

14 

. 

* » # 

. 

Castor cake, 1,120 lb 





50*3 

13 

* 


• 

Cattle dung, 20,000 lb. 





50*8 


The remarkable feature about Tables II and III is the small variation in oil- 
content throughout. We must conclude that the manures used have had no appre- 
ciable effect on the oil-content of the seed produced. 

In Table II are given figures for oil-content of seed produced from capsules 
■which have been unlanced as well as from those which have been lanced. The lanc- 
ing process evidently does not interfere with the development of the seed as judged 
by its oil-content. 

In Table IV are set out a few results showing the oil-content of seeds produced 
by the terminal, t.e., the oldest capsules compared with that of seeds produced by 
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lateral capsules. We were led to investigate this point because we have shown that 
the lateral capsules produce opium much poorer in morphine content than do the 
terminal capsules. 1 The seed used was of a pure race K 53 some of which had been 
grown for two seasons at Rae Bareli, 80 miles from Cawnpore. 

Table IV. 


The oil-content of seed produced by terminal capsules as compared with that produced 
by the lateral or younger capsules . 


Season 

Seed nsed 

Oil pee cent, ok dry matter of seed 

Terminal 

capsules 

1st lateral 
capsules 

2nd lateral 
capsules 

1920-21. Cawnpore 

K sr , Rae Bareli seed . . j 

49-2 

48*7 

49*2 

Do. 

K55 Cawnpore seed . 

60*8 

49*2 

48*9 

1 91 9-20. Cawnpore 

K 55 Plot 34, Sub -plot 1 

48-8 

49*0 

48*9 

Do. 

K b , Plot 34, Sub-plot 11. 

• * 

49*0 

48*9 


The first lateral capsules are seveial days younger than the terminal capsules, 
and the second lateral capsules are seveial days younger still. Theie appears, 
however, no difference in oil-content between the seed ot the lateral and of the 
terminal capsules. 

Finally, we append a table showing the oil-content of the seed of a pure race 
which we have grown in bulk for several seasons past at Cawnpore. Some of 
this seed was continuously grown at Cawnpore, whereas some from the same original 
stock had been grown at Rae Bareli and Jeolikhote and then brought back to Cawn- 
pore. Rae Bareli is a plains station 80 miles from Cawnpore but Jeolikhote is at an 
altitude of 4,000 feet in the Himalayas. 

Table V. 

The oil-content of the seed of the same pure race grown at Cawnpore in successive seasons . 


On FEB CENT. OK DRY MATT EE OF SEED n 


Seed 

19X9-20 

1920-21 

1921-22 

1922-23 

K^Cawnpore seed . 

50*2 

50*8 

48*9 


K a Rae Bareli seed 

50-2 

49-2 

48*6 

47*9 

Kjg Acclimatized at Jeolikhote, 

1 year 

-* 

49-1 



Acclimatized at JeoEkhote, 4 
years. 

•• 

49-2 

* * 



Dept, qf AgrL in India, Gkem. Meries, Vol. VI^No. 2, p. 02. 
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Conclusions. 

The oil-content of the seed of the opium poppy as grown in the United Provinces 
seems to be remarkably constant. The difference in the oil-content of the seed of 9 
pure races tested seems to be so small as to be barely significant. There is, more- 
over, no marked effect due to season, climate or manures tested. The terminal 
and lateral capsules appear to produce seed of the same oil-content. The process 
of lancing the capsule for opium has no apparent effect on the oil-content of the seed- 
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In previous memoirs iu tliis series the authors have described the results of 
studies on the effect of various factors on alkaloid and meeonic acid content of the 
latex of the opium poppy. By far the most striking observation made was that the 
morphine content of the latex calculated on the dry matter showed a rapid fall in 
each successive lancing of the same capsule. We have also found in experiments 
only a few of the results of which we have so far published that the codeine content 
of the latex does not show this diminution in each successive lancing. Narcotine 
falls off to some extent but not in such a marked way as does morphine. The only 
other alkaloid present in any quantity is papaverine, but this does not appear to 
decrease or increase in amount in any regular fashion in successive lancings. Meco- 
nic acid we have shown to be present in amount almost exactly equivalent to that 
required to form meconates with the total alkaloids present. 1 The following table 
gives a typical set of analyses for the morphine, codeine, narcotine and papaverine 
content of the latex of a series of successive lancings from the same capsules. 
The opium was produced from poppies grown from a pure race of seed No. K 50 
at Budaun, U. P., in the season 1922-23. 


No. of IancringB 

Pbbojsxta&b ox dby mattes 07 

LATEX 


Morphine 

Codeine 

Narootine 

Papaverine 

Total 

1st ... 

17*6 

2*74 

7*31 

0*28 

27*83 

2nd ... 

14*4 

3*08 

5-66 

0*67 

23*61 

3rd .... 

9*4 

2*76 

4*93 

0*73 

17*81# 

4th ... 

7*6 

2*62 

4*43 

0*63 

14*96 

6th ... 

6*8 

2-31 

4-48 

0*66 

13*16 


Mem DepL afd&ri *» India* (Them. Series** YoL VX. No- 6. 

( ^ ) 
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It will be seen that the total alkaloid content of the latex falls off rapidly in each 
successive lancing and this fall is mainly due to the rapidly decreasing amounts of 
morphine in each successive lancing. 

We felt that it would be of great interest to study the amount of other substances 
in each successive lancing, and we soon found that the ash constituents gave results 
of interest. Before describing our results it will perhaps be advisable to refer briefly 
to the methods of analyses adopted by us for ash constituents, since ash analysis 
is by no means easy and in considering results it is of importance to know what 
analytical methods were used. 


Preparation of ash, 

1. A two gramme portion of dry opium was ignited in an asbestos bath over a 
Teclu burner in order to obtain a quantitative figure for the ash content of the 
sample. 

2. Twenty-five grammes of opium were charred over a low flame and then ignited 
till hard in an asbestos bath over a Teclu burner. It was ground to a powder while 
warm in a mortar and then replaced in the platinum crucible in the asbestos bath 
over the Teclu burner. By this means the ignition can be carried out at a dull 
redness. A small loss takes place in grinding, but the quantitative figure is obtained 
under 1. 

3. In our preliminary work a certain number of ash determinations were made 
by moistening the opium with H 2 S0 4 previous to incineration. The figures so 
obtained are referred to in the table as sulphated ash. 

Analysis. The method used was that described in Methods of the Association 
of Official Agricultural Chemists, U. S. A., 1920, p. 15, with minor modifica- 
tions. 

Soluble sulphates were estimated by extracting the dry opium with hot water 
and precipitation with barium chloride in the presence of hydrochloric acid in the 
usual maimer. 

Chlorine . This was determined by the volumetric method given on p. 19 of 
the Methods of Official Agricultural Chemists, U. S. A., 1920. 

The ash obtained was in practically all cases pure white. For the sake of con- 
venience we have set out in the first table figures showing the percentage of ash in 
the opium of several sets of samples of successive lancings from the same heads. 
In some cases the figures given are for ash prepared by the sulphunc acid method. 
It is unfortunate that only two of the figures are expressed as percentages of dry 
matter in the opium. The air dry opium used by us always contained about 94 
per cent, dry matter and the figures may be considered as reliable relative to ore 
another. The figures in the table are for ash content of air dried opium except 
where otherwise stated. 
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Table I. 

The ash content of opium of successive lancmgs from the same capsules . 


Sample 

Percentage of ash in opium of 

EACH SUCCESSIVE LANCING 

Remarks 

1st 

2nd 

3rd 

4th 

5th 

6th 

Blot 44, sub-plot 1 (sulphated ash) . 

2*31 

3*41 

4*69 

5-95 

6*30 

7*22 


Plot 44, sub-plot 2 

2*08 

2*47 

3*43 

3*90 

3*65 



Do. (sulphated ash) . 

2*57 

3*27 

4*10 

5*16 

541 

5*24 

On dry 








matter. 

Plot 44, sub-plot 3 (sulphated ash) . 

2*43 

3*31 

4*55 

5*63 

6*78 

6*05 


Ploi 44, Bub-plot 4 (sulphated ash) . 

2*30 

2*96 

** 



.. 


No 144-149 (1920-21) .... 

3*19 

3*88 

5*29 

*• 

• • 

.. 


N ». 371-373 (1920-21) .... 

2*48 

3*75 

5*07 

•* 

• • 

• • 


No. 216-233 (1918-19) .... 

1*78 

2 65 

3*03 ' 

•• ! 

•• 

.. 



The table shows that there is a rapid rise in ash constituents of the latex at each 
successive lancing up to the fourth. After that the rise is not usually so marked. 

In the next table is set out a detailed analysis of two sets of three successive 
lancmgs of the opium from the same capsules. In all these cases the ash was 
prepared by simple ignition without the addition of H 2 S0 4 

Table II. 


The composition of the ash of opium . 


Sample 

No of 
; lan- 
cing 

Ash on 
air- 
dried 
opium 
per 
cent 



PHRCEYTAQS OH DRY 

ASH 




, Sand 
and 

silica 

t 

P s O, 

SO, 

CaO 

MgO 

X, O 

Xa,0 

CO, 


j 

! 

Plot 19 (1918-19) 

1st 

178 

2013 

17 10 

1167 

10 97 

116 

33 79 

105 

118 

517 

090 

Do. 

2nd . 

2-65 

10 79 

14 85 


10 35 

103 

44 39 

0*80 

; 

132 


060 

3)o. 

3rd . 

3 03 

13 47 

12 51 

18 28 

9 52 

109 

3814 

085 

064 

•• 

0 00 

Plot 371 (1920-21) 

1st . | 

2 48 

1157 

10 53 

24 20 

4 71 

■ 

25 68 

.. 

.. 

.. 


Do. 

2nd . 

3 75 

8*14 

869 

1732 

400 

1 

27 67 


** 

.. 

•• 

Do. 

3rd . 

507 

16*21 

8 49 

1879 

8*90 

H 

89 87 

** 

•* 

•* 

•• 
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Neither in the ash nor in the original opium have we been able to find more than 
a faint trace of chlorine. 

The above figures do not indicate any marked differences in the composition 
of the ash of each successive lancing. There is, however, no doubt of the increase 
in the total ash constituents in each of the three successive lancings. 

It is well known that sulphates are commonly present in opium. The foregoing 
table, however, gives an inaccurate idea of the amount present since much of the 
sulphate disappears during ignition. The following table gives figures for the sul- 
phate content of the opium iteelf. These figures were obtained by extraction of the 
opium with water and precipitation with barium chloride in the presence of hydro- 
chloric acid in the usual way. 


Table HZ 

The sulphate content of opium. 


Sample No. 


Description of sample 


1917-18 — 


170 


m 




• 

1st lancing 

. 

• 




2-00 

171 


• 





2nd „ 






2-39 

172 


• 





3rd „ 






2-71 








1918-19 — 







320 


* 





1st „ 






1-73 

322 


* 





2nd „ 






2-13 

324 


• 





3rd „ 






2-80 








1910-20— 







301 


* 





1st „ 






1-98 

302 


* 





2nd ,, 






2-46 

303 


• 





3rd „ 





! 

2-79 








1920-21— 







386 


* 





1st „ 




. 


2-1S 

387 


• 





2nd „ 




* 


2-73 

388 


* 




• 

3rd „ 



, 


. 

3-31 


Percentage of 
SO* on dry 
opium 
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Unfortunately of the above samples the total ash content was only determined 
in the case of sample 386 and this contained 2*20 per cent, ash on dry opium. The 
amount of S0 3 found in the above table for this sample, viz., 2*18 per cent, would 
amount to 99 per cent, of the ash. Table II, however, shows that the ash usually 
contains from 12 to 24 per cent, of S0 3 and hence during ignition a very large loss of 
S0 8 takes place. 

Table III shows that a regular rise of S0 3 content takes place in each successive 
lancing. 

We have carried out a few analysis of successive lancings of opium for phosphate 
content without going through the ordinary procedure of ashing the opium. We 
treated the sample of opium with sulphuric acid as in the Kjeldahl process, aiding 
the destruction of organic matter by occasional cautious additions of HN0 8 . The 
liquid was finally diluted and boiled down till all HNO s was expelled. After dilution 
the excess of H 2 S0 4 was removed by addition of barium chloride and the still acid 
liquid diluted to a known volume. An aliquot portion was taken fox P 2 0- > estima- 
tion and silica removed in the ordinary manner by evaporation with hydrochloric 
acid twice, the residue being heated to about 120° C. to render silica insoluble. 
The residue was extracted with dilute nitric acid and after filtration ammonium 
nitrate and ammonium molybdate added to precipitate the phosphate. The phos- 
phate was then estimated by Kilgore’s titration process as in the usual manner. 

Table IV gives the P 2 0 5 content of the opium of three separate series of successive 
lancings determined as in the above manner. 


Table IV. 


P 2 0 5 content of opium . 


P 2 0 s m AEBrDBIB3> OPIUM (ABOUT 94 P£B> CBS*. DIET MATTHft) XX 
BACH SUOCBSSBVH HAHCDffO 


sample 

1st 

2nd 

3rd 

4th 

5th 

6th 

Hot 19 (1918-19) 

. 

0*350 

0-397 

0-432 


a * 


Plot 44, sub-plot 2 


0-308 

0-364 

0-432 

0-469 

0-531 

0*544 

Plot 44, sub-plot 3 

- 

0-300 

0*363 

0-393 

0465 

0*505 

0-502 


There is thus a steady rise in P 2 0 5 content in the opium of each successive lancing 
up to the 5th. Beyond that there appears to be no further rise. 

In the case of plot 19 the P 2 0 6 content of the ash of the same samples had already 
been determined (Table II). The ash was them found to contain 17*10, 14-85 and 
12-51 per cent. P a 0 & in the case of the 1st, 2nd and 3rd lancings respectively. The 
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ash content of these samples (Table II) was 1*78, 2-65 and 3-03 per cent, respectively. 
The figures given for the P 2 O 5 content of these samples in the above Table IV, viz*, 
0-350, 0*397 and 0*432 when calculated as percentages of the ash are 19*66, 14*98 
and 14*26 per cent, respectively, which is a fairly satisfactory agreement with the 
P 2 O s determination actually carried out in the ash. 

During the course of our work on opium we have carried out many experiments 
on the effect of manures. A number of these samples of opium from the differently 
manured plots have been taken for ash analysis. It was unfortunate that a com- 
plete set of samples of all the kinds of manurial treatment was not available. For 
the details of the actual manurial experiments carried out the reader must be referred 
to our previous publications . 1 The analyses given below are all of the opium pro- 
duced by the first lancing of the capsules in each plot. 

Table V. 


Effect of manures on ash constituents of opium . 




Ash 

Percentage on dry ash 

No. of 
sample 

Manurial treatment 

on dry 
opium 
per 
cent. 

Sand 

and 

silica 

PA 

S0 3 

CaO 

K a O 

Pe £ 0, 

A1*0 3 

406 

NaNO s . 

2-38 

13-90 

11-33 

24*39 

4-86 

37*87 

4-64 

478 

Do. 

2-55 

15-14 

10-48 

24*68 

5-39 

37-50 

3-45 

386 

Super and NaNO s 

2*23 

13-36 

13-40 

25*58 

6-96 

38-90 

•• 

466 

Do. . 

2-32 

27-82 

10-14 

20*55 

6-90 

29-65 

.. 

472 

K s S 0 4 and NftNOj * 

2-68 

22*64 

10-73 

17-02 

S-30 

35-02 

5-58 

475 

KliSO* and Super 

2*94 

17*79 

11*91 

24*97 

5*90 

30-10 


433 

K,S0 4 and NaNO a 
and Super. 

2-50 

21-17 

12*13 

22*94 

6-83 

28*10 

•• 

456 

Do. 

2-22 

19-68 

12*61 

21-34 

9-80 

26*87 

5-90 

427 

Cattle manure . 

2-35 

16*91 

13-94 

22-76 

6-93 

30-36 

. . 

451 

Do. » 

2-85 

23*69 

11-91 

22-29 

8-34 

26-86 

*. 

445 

Castor cake 

215 

26*05 

13*06 

17-33 

7*63 

28-94 

4-84 

461 

Do* . * 

2-54 

15-10 

12-40 

24*96 

8*10 

29*07 



1 Afam. Dept. AgH. in Indie, Chem. 3er. f VoL VI, No. 2, p. 89. 
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In any case no very definite conclusions could be drawn from such an incomplete 
set of analyses, but it does not seem that either phosphate or potash has produced 
any noticeable effect on modifying the P 2 0 5 or K»0 content of the latex 


Conclusions. 

There is a steady rise in the amount of ash constituents of the latex of the opium 
poppy at each successive lancing up to the fourth. 

There appears little or no increase in later lancings than this. 

The composition of the ash appears more or less the same in the case of each 
successive lancing, and as far as we are able to judge from our results it is not appre- 
ciably affected by manuring. 

Estimation of sulphate and phosphate carried out on the original opium and not 
by the ashing process shows that these constituents rapidly increase in the case of 
the first three lancings. Phosphate determinations have been carried out in fix 
successive lancings and shows a rapid increase up to the fifth lancing hut practically 
no further increase in the sixth lancing. Chlorides appear to be absent from the 
latex. 

The increase in ash constituents of each successive lancing is accompanied by a 
rapid falling off in total alkaloid content of the latex. This fall in alkaloid content 
is largely accounted for by a rapid fall in morphine and to a lesser extent by a fall 
in narcotine content. Codeine and papaverine are present in more or less constant 
amounts in each successive lancing. It is possible that there is a physiological 
connection between the rise in ash constituents and the fall in morphine. 
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J. A. DAJX B.Ag., B.Sc., 

Assistant to the Agricultural Chemist to the Government of Bombay . 

[Received for publication on 20th May 1925.] 

The problem as to how the fertility of Indian soils is maintained in the absence 
of manure, more particularly in the arid and semi-arid tracts like the Deccan, has 
always been a difficult one. More especially the maintenance of the available nitro- 
gen is difficult to explain. On the one hand, there is a demand on the accumulated 
stocks of nitrogen from the crop grown. This reaches, in the case of an annual 
crop oijowar (. Andropogon Soighum) grown without manure, to about 20 lb. of nitro- 
gen per annum for such a crop (700 lb. grain and 2,000 lb. straw) as is commonly 
produced in the Bombay Deccan. Then there is the annual loss from drainage and 
from denitrification, while the only apparent return of nitrogen to the soil is from 
the quantity supplied by rain and dew. 

This latter quantity is small. According to Leather, 1 who made very extensive 
observations in North India, the total amount added to the land at Cawnpore, on 
the average, was 3-25 lb. of nitrogen per acre per annum as rain, and 0*11 lb. as 
dew*, or a total of 3-36 lb. of nitrogen per acre. This is far less than the annual 
loss from the crop alone. 

It would seem certain, therefore, that, even in the absence of vegetation, there 
must be considerable fixation of nitrogen from the atmosphere, and evidence to 
this effect has been obtained by several workers in the Punjab. In the first place, 
the Agricultural Chemist to the Punjab Government found in 1919 2 a great change 
in the amount of nitrogen in the land in various parts of that province between May 
and October, though no canal water was given. On an average the amount of 
nitrogen in the soil increased by 3 5 per cent, between the months named, but in many 
cases there was a largo loss, while in others there was an equally large increase. 
The records do not indicate any dose connection between, on the one hand, natural 
or other sterilization of the soil, or, on the other, cultivation, and the fixation re- 
corded. That some fixation takes place seems clear from these results. 

1 Leather, J. W. The Composition, of Indian Ram and Dow Mem. Dept. Agn. India, (Ckem. $ar.» 
VoL L No. 1 (1900). 

* The dew was only recorded during the cold weather. 

2 Report on the Operations of the Department AgnenUvrtf Panjabi 1919-2% Rfcri II, ^ 16% 

{ S3 ) 
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KITOOCEN RECOTEftAHOis IN SOILS OF BOMBAY DECCAN 


More Tecent results have been recorded by the Punjab workers in 1922. 1 By 
examination of numerous samples of soil from the field, they found that the most 
marked and unifonn fixation of nitrogen with all soils and under all conditions of 
incubation took place in September, towards the end of the monsoon. There 
appeared to be a definite seasonal influence which musij be taken into account. The 
fixation was in some cases greater in cultivated soils, and sometimes the reverse. 
The results wexe conclusive, however, in showing that it is not until after a long 
period of dry heat that the soil becomes capable of considerable nitrogen fixation. 
It also appeared that a period of rapid nitrogen fixation is followed by an almost 
equally rapid loss. 

The experiments which we are about to describe were designed to ascertain, 
whether and under what conditions an ordinary Deccan soil taken at the end of the 
hot weather, and kept dry, would fix nitrogen from the air. As the conditions 
were to be definitely prescribed, the experimental work had obviously to be done 
in the laboratory. The soil used for the work was obtained from Pashan village, 
five miles from Poona. It had been cropped every year, but without any legumin- 
ous crop or any manure for ten years. There had likewise been no irrigation, and 
the annual crop was either bajri (Pmnisetum typhoidmm) or jowar ( Andropogm 
Sorghum ). It was a typical <c medium black soil ” of the Deccan and when air- 


dry gave the following determinations : — 

Pci cont. 

Moitftuie (grven off at 9£>°0.) ........ Ob 

Loss on ignition (excluding moistuic gw on off at 08°C ) 11-4 

Nitrogen . . ....... .0031 

On analysis, by extraction with concentrated hydrochloric acid, the following 
figures wexe obtained, based on the air-dry fine soil : — 

Per cont 

Sand 58*4 

Feme oxide (Fe*O s ) 11-9 

Alumina (Al a O*) 0*5 

lime (CaO) 4-0 

Magnesia (MgO) 1*6 

Potash (K t O) and Soda (Na ft 0) 0*4 

Phosphoric acid (P2O5) 0*07 


It will be seen that the nitrogen contained in this soil is very small in amount 
(0*031 per cent.). As all results depended on variations of this amount great care 
had to be taken as to the accuracy of this determination. The methods adopted 
are indicated in the appendix, but check determinations showed that the greatest 
error that is likely to occur is 0*00085 per cent., or 0*85 mg. per 100 grin, of soil. 

Experimental work. * # 

Fibst Semes. 

To begin with, it was decided to find out the effect on the nitrogen of the soil of 
Varying the quantities of moisture, and also of varying the temperature and the 

1 ¥ lision, B. H., and B. Ah. Nitrogen Fixation m And Climates. Sod Science, Vol. XIV* No. 2, 
p. 127 (1922). 
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light conditions of the soils, and also the effect of additional lime in each of these 
cases. One thousand gra mm es of soil were properly mixed with water to make up 
the necessary percentage of moisture and kept in trays eight inches in diameter and 
two inches in height. The loss of moisture was daily made up by adding a fine 
spray of water to ensure equal distribution. In taking samples for analyses the 
whole of the soil in the tray was thoroughly mixed and the necessary quantity of the 
soil taken for examination. In the first series of trials the organic and ammoniaeal 
nitrogen alone was estimated but not the nitrite and the nitrate. The percentage 
of nitrogen is throughout expressed on soil dried in a steam oven at 98° C. The 
soil was analysed on the first day and then at intervals of thirty-five days as it was 
thought that smaller intervals might not show any appreciable change. Four 
sets of the following soils were prepared i — 

(1) Soil containing 6*6 per cent, moisture (ordinary air-dry soil), 

(2) Soil containing 20 per cent, moisture. 

(3) Soil containing 30 per cent, moisture. 

Each of these had a corresponding sample containing 3 per cent, additional lime 
(CaC0 3 ) with the exception of the ordinary air-diy soil. 

One of these four sets was kept in an incubator maintained at 20°0. A second 
set was kept in an incubator maintained at 40°C. The thir 1 one was kept 
in diffused light near the glass window of a room free from laboratory fumes and 
gases. Care was taken to see that direct sunlight never fell on this set of trays. For 
the first three months of the exposure the temperature varied from 20°C. to 27°C., 
while during the next three months the room temperature varied from 27°C. to 3£>°C. 
Thus the minimum was 20° C. or more and the maximum was less than 40°C„, and 
the temperature of this set of soils was, therefore, between the other two tempera- 
tures at which the trays in the first two sets were kept. The fourth or the last set 
of trays was kept in the open, covered with glass plates and exposed to the sun 
with the usual variations in the light. 

Effect of the varying quantities of moisture . The following table gives the mini- 
grammes of organic and ammoniaeal nitrogen per 100 grm. of soil kept at 20°0. in 
the incubator. 

Table L 



1st day 

After 

30 days 

After 

70 days 

After 

106 days 

After 

140 days 

Alter 
176 days 

Soil containing 30 per cent, 
moisture. 

Soil containing 20 per cent, 
moisture. 

Soil containing 6 6 per cent, 
moisture. 

to 

3301 I 

1 

33*01 

33*01 

HUigramrms 
48 *50 j 

4200 ! 

31*38 ) 

per 100 gn 

35-18 

33*70 

20*80 

n. of soil 
30*73 ] 

30-77 

MM 

26-00 

22-«4 

£264! 
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NITROGEN RECUPERATION IN SOILS OP BOMBAY DECCAN 


From the above table it is evident that the higher the quantity of water the 
WTiat is the amount of nitrogen fixed. It seems that during the first thirty-five 
days nitrogen is fixed and then during the next period the amount decreases. After 
this also it continues to go down up to at least 175 days. It must be remembered 
that the figures represent the algebraic si m of the fixation and the loss of nitrogen, 
since both of these actions are likely to go on side by side. It is also possible that 
the smalle r figures may be due to nitrification. 

A ttiTniW effect of exposure in the moist condition is shown in the trays kept at 

40°C. (Fig. 1). 



Fra. 1. 
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In tie trays esposed to diffused light and those in the open air conditions, the 
same tendency was shown. J 


Table III. 



After 35 j>x\3 

i 


E\joW» t«» rliffua d ! 
Util t 

to o[^n air 


Millwr inn ics pxr 100 grm of *dU. 

Soil containing 30 per cent, moisture 

49*98 

43-61 

Soil containing 20 per cent, moisture 

47-07 

44-01 

Soil containing 6-6 per cent, moistuio 

38-14 

39-17 


With soils containing three pet cent, additional lime similar results were obtained, 


Table IV. 



At SOT. I 
after 33 
days 

At W. 
after 35 
clays 

Exposed to 
diffused light 
after 35 days 

Exposed to 
open air 
after 35 days 

Soil containing 30 per cent, moisture . 

Soil containing 20 per cent, moisture . 

Soil containing 6-6 per cent, moisture 

Mill 

48-29 

38-33 

ifjtrmvrc* 1(0 gim. rf , 

44*09 44-48 

40-52 40-20 

34-82 

«oj7. 

44-05 

41-56 

41-41 


Effect of temperature. The trays kept at 20°C. represent a low temperature, 
those at 40°C. represent a high temperature, while those kept in diffused lijgfeb wet© 
between 20° and 27°C. for the first three months and therefore represent an inter- 
mediate stage. After 35 days all the samples show a fall in the nitrogen contents, 
and hence the figures for the first 35 days only are shown in the following table. 
The figures are in milligrammes of organic and amtnoniaeal nitrogen in 100 fpm* of 
soil. 
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Table V. 



1 Son 

WITHOUT LIME 

^OTL WITH 3% ADDHIOHAT LTML 


30 

per cent 
moisture 

20 

per cent 
moistuie 

GO 

per cent 
moisture 

30 

per cent 
moisture 

20 

per cent 
moistuie 

(><> 

per oeni 
moistiue 


Milligrammes per 100 grm. of soil 


40°C. . 

. 


55 01 1 

44 31 1 

35 21 

44 09 

40 52 


Diffused light 

. 

. 

49 98 

47 07 1 

38 14 

44 48 

40 20 

34 82 

20°C. . 

• 


48 55 ] 

42 00 

31 38 

48 29 

38 33 



These figures clearly indicate that the largest quantity is fixed at a temperature 
above 20°0., but at 40°0. it is lower than at temperatures between 20°C. and 27°C. 
It seems that a high temperature like 40°C. slackens the activity of fixing nitrogen 
or hastens nitrification. 


Effect of (additional lime. First set . To find out the effect of additional lime, 
three per cent of calcium carbonate was added to the soil although it already con- 
tained excess of calcium carbonate. The effect is shown by the figures given below. 
Only the fixation during the first 35 days is given, since, as in other cases, the 
nitrogen begins to decrease after that period. 


Table VL 


• 

: 30 per e<nt moibtmc 

20 per cent moistuie 

6 6 per cent mmstui c 

20°C 


20°C 

40V 

Diffused 

light 

| Open air 

Without additional lime 

With 3 per cent additional 
lime 

48 55 

48 29 

! 

Mg 

55 01 

44 09 

per 100 grn 
42 00 

38 33 

*1 of soil 
44*31 

40 52 

3814 

34 82 

39 17 
41 41 


The effect of lime, from these figures, seems slightly to check the fixation of 
nitrogen, but it is just possible that more nitrification takes place by the addition 
of lime and what is lost as organic and ammoniacal nitrogen may be gained as nitrite 
and nitrate nitrogen. Hence without determining the nitrites and the nitrates 
not hin g can he definitely stated with regard to the effect of lime from these figures. 

Second set. In the first set of experiments it was seen that when only the organic 
and ammoniacal nitrogen determinations were made the additional lime did not show 
any advantage. It was thought that this possibly occur ed because the soil with 
additional hme had more nitrite and nitrate nitrogen. In order to make the point 
clear a new set of soils was prepared and exposed and nitrogen in the nitrite and 
nitrate form was determined aloner with the organic and ammoniacal nitrogen. 
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Soils containing 30 per cent, moisture were kept at 40°C. From the following figures 
it seems that additional lime brings about more nitrification, but the total nitrogen 
throughout the period of 84 days is greater in the original than in the same soil with 
additional lime. 

Table VIL 


No. uf days 

Orgamc ind Aarao- 

MAC'AL NITROGEN 

Nitrite and mtra- 

TE Ml ROUEN 

Total nitrogen 

Without 

additional 

lime 

With 

additional 

lime 

Without 

additional 

lime 

With 

additional 

lime 

Without 

additional 

lime 

With 

additional 

lime 



J fij. iwt 100 tji w of * i iL 



1st day .... 

34-25 

. . 

0-189 


134-44 

, , 

14 day> .... 

41-03 

39-99 

0-259 

0-543 

41 29 

40-33 

28 days .... 

32-UI 

49-34 

0-553 

0-382 

33-15 

49-94 

33 days .... 

53*03 

51-59 

0-595 

0*741 

54 24 

32*33 

42 days .... 

47*b5 

47-19 

0*055 

0*350 

48-20 

47-53 

50 da\s .... 

40*10 

40-18 

0-9<tf> 

(0335 

47*10 

40*73 

70 dajs .... 

43 71 

43-72 

0*038 

0 784 

44 35 

44*50 

84 da^s .... 

42*50 

37-00 

0 583 

1000 

43-08 

38-00 


Effect of light. From the results obtained during the experiments no definite 
relation of the increase of nitrogen to the intensity of light can be bhown, but it is 
ceitain that even in darkness the fixation goes on. 

Trays of soil samples kept outside were covered with sheet glass to prevent any 
soil from being blown away, and to prevent outside material being deposited on to 
the soil. The so ;i s kept in these trays did not show any stalking results compared 
with the results obtained from trays kept in diffused light or in darkness. 

From the experiments so far recorded the following conclusions may be drawn : — 

1. When a Deccan black soil, which has been collected dry.in the hot weather, 

is moistened and exposed to air, rapid increase in the amount of orga- 
nic and ammoniac al nitrogen takes place. 

2. This increase in the amount of nitrogen is purely temporary. On mainte- 

nance of the conditions for more than thirty five days, there is again 
a continuous fall in the organic and ammoniacai nitrogen. Whether 
this is due to disappearance of the nitrogen or to its conversion into 
nitrites and nitrates, the experiments so far recorded do no t show. 

3. The larger the amount of water present (at least up to 30 per cent.), the 

greater the increase in the amount of nitrogen. 

4. A rise in temperature from 20 o C. to 40°G. corresponds with increased fixa- 

tion of nitrogen. But it is probable that the op timum is below the 
latter temperature. 

6. Increase in nitrogen takes place both In the pesenoe cur absence of light. 
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6. The addition of lime to the soil in question (already containing an excess 
of lime) does not show any greater nitrogen fixation. 

Second Series. 

The second series of experiments was started to determine chiefly two points. 
The first of these was as to the time required hy the soil to reach the highest quantity 
of nitrogen content, and the second was to find out whether the fall in organic and 
ammoniacal nitrogen was due to nitrification or to actual loss of nitrogen from the 
soil. In this series the moisture content for all the samples was kept at 30 per cent, 
and nitrite and nitrate nitrogen was determined along with the organic and ammo- 
niacal nitrogen. The determinations were made at intervals of ten days. __ 

Four similar samples were under experiment at the same time. One of these 
was maintained at a constant temperature of 20°C., a second at a constant tempera- 
ture of 40°C., a third in diffused light at the laboratory temperature and the fourth 
in open air. The results obtained are given below. In this table the total nitrogen 
includes the nitrite and the nitrate nitrogen, separately determined. (Fig. 2.) 

Table VIII. 



Oiigmal 

nitrogen 

lfldajt, 
l Oigamt and 
ammoniacal 
nitrogen 

20 tla\s 
Total 
mtiogen 

30 da>b 
Total 
nitrogen 

35 daj b 
Total 
nitrogen 

4 > <lft\b 
Total 

i nitrogen 

55 da\a 
Total 
intro gui 




Mg. mtrugtiH m 100 qrm of 



20*0. . 

31-21 

38 5 fa 

30 62 


30 26 

37 00 

30 54 

40V. . 


38 71 

30 13 

41 40 

43 37 

30 00 

3S t>3 

Diffused light 


30 37 

41 10 

40 40 

41 52 

37 77 

37 14 

Open air 


35 67 

40 11 

40 06 

40 3b 

37 71 

30 )S 


*5 

AO 

35 

30 
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From this table it can be seen that when, water is added, within ten davs a large 
quantity of nitrogen is fixed, and this goes on increasing till about thixtv-five days, 
and then begins to fall. Since in the above table total nitrogen is given, it is clear 
that the whole of the fall in nitrogen that was observed in the first series and which 
is again shown in the above series was not due to nitrification, but, in part at least, 
was caused by the loss of nitrogen from the soil. In the first series the *oil in the 
diffused light which was at a lower temperature than 40 C C. showed higher nitrogen 
accumulation than soil kept at 40°C., but in this series, where total nitrogen is deter- 
mined, the soil at 40°C. shows a greater increase in this constituent. 

The figures for nitrite and nitrate nitrogen are aho interesting. The figures 
given in the following table represent the sum of the rutnte and the nitrate nitro- 
gen. 


Table IX. 



Ongmal 
uittoKi l 

Aftei 

2 / da" s 

Aft* i 
^0 davs 

Aft a 
.>3‘ Ins 

nui 

47 

After 

V» 





2/t, n t (Mft y i*} 

P) ) rjtm * 

; s nh 



* 

- 

02 » 

0 21 

0 42 

0 

0 7^ 

0 41 

40°t'. 

* 

• 

0-20 

o 77 

i 77 

»U2 

0‘2 

0 7- 

Diffused Iic»ht . 


- 

0 20 

0 1 


0 40 

0 7 s 

0 3^ 

Open au . 

* 

• 

0*20 

< n 

o .r* 

0 

IK*") 



The formation of the nitrite and nitrate nitrogen goes on steadily increasing 
up to 45 days, and it is only after that, that the quantities begin to fall. This 
loss may be due to the escape of free nitrogen. The quantities of nitrite and nitrate 
nitrogen reach the highest figure 10 days after the highest figure for organic and 
ammoniacal nitrogen. 

In the first series it was observed that the highest figures for organic and amnio- 
niacal nitrogen were less for soils at 40°C. than for soils in diffused day light where 
the temperature was less than 40°C. It was not clear then whether this was due to 
smaller activity of fixation ox due to greater nitrification, bnt from the above it can 
be said without doubt that there is greater nitrification at 40°C. than at lower tem- 
peratures, and this explains as to why in the previous experiments lower figures 
were obtained for soils at 40°C. than for soils at a lower temperature. 

The conclusions of this series of experiments may be put down as follows : — 

(1) The highest amount of fixed nitrogen is obtained after about thirty-five 
days from the time of moistening the soils, This confirms the results 
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obtained in the first series. Nitrification goes on after thirty-five 
days, but the total amount of nitrogen is highest at about thirty-five 
days. 

(2) The highest figure for nitrite and nitrate nitrogen is obtained at about 

forty-five days after the commencement of the experiments. 

(3) The fixation of nitrogen is higher at 40°C. than at lower temperatures. 

At this temperature nitrification is also greater than at lower tempe- 
ratures. 

Third Series. 

In the first two series it was found that after about thirty-five days from the 
time of exposing the samples, the highest figure for increase of nitrogen was obtain- 
ed and after that there was a regular fall. When the soil was taken for experimental 
purposes it was air-dry containing about 6 per cent, water, and it was this soil that 
showed fixation when water was added. It seems, therefore, that when a dry soil 
gets water it begins to show this activity of fixing nitrogen. In order to find out 
the extent to which this property proves to be useful in increasing the nitrogen 
contents of the soil a third series of experiments was taken up. In this case the 
soil was given water to make up to 30 per cent, and 20 per cent, of moisture respec- 
tively, and the samples were then allowed to accumulate nitrogen. Determina- 
tions of nitrogen were done at an interval of two weeks. When the nitrogen con- 
tents began to show a fail, the soil was quickly dried by spreading in a thin layer 
on a water-bath and stirring. Care was taken not to allow the temperature of the 
soil to go beyond 60°C. To this dried soil, water was added to make up the neces- 
sary moisture, and the soil was allowed to increase its nitrogen content. This 
process was repeated twice after which the soil did not show any increase in nitrogen 
assimilation. 

Table X. 



Onginal 

nitrogen 

14 days* 

28 d &5 s 

42 da>s 


My. 

nitrogen per 

100 grm. of soiL 

S nl containing 30 per cent, watci 

31-21 ] 

41-30 | 

42 88 

40 32 

Soil containing 20 per cent, 'water 

31-21 

41-29 

4159 

39 17 


As in the previous experiments, the nitrogen contents increased in the begi nn ing. 
On the forty-second day the nitrogen was less than on the twenty-eighth day, which 
meant that it had reached its highest point and had started coming down. The 
soil was, therefore, dried at this stage and kept with water added, and analysed 
m usual. 
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Table XI. 



14 days 
aftei 
first 
drying 

28 days 
after 
faist 
drying 

42 days 
after 
first 
drying 


14 days 
after 
second 
drying 

28 dajs 
after 
second 
dr\ ing 


J /#. nitrogen per 100 gnn of , noil. 

i 


Mg. nitrogen per 100 
grw. of soil. 

Soil containing 30 per cent, 
moisture. 

42-93 

44-77 

38-27 

Dried 

second 

time 

34*77 

31-52 

Soil containing 20 per cent, 
moisture. 

40*00 

41-09 

37-52 


31-04 

* * 


After the first drying the nitrogen contents began to increase and reached the 
highest point between 28 and 42 days after keeping the soils the second time. The 
highest point reached in this period was higher than the highest point reached in 
the first period. When the soils were dried for the second time no increase in total 
nitrogen could be obt aired, and hence the Beries was closed at the end of four weeks 
after the second drying. 

Although the fixation of nitrogen stopped at the end of four weeks after the 
second drying, the nitrification continued vigorously all along as can be seen 
from the following table : — 


Table XII. 



Original 

14 days 

28 days 

42 days 


ATTEXt rntfcX 1 >EYI 2 ?G 


Attjke s ECO so 

Z/EYINQ 



14 

days 

28 

days 

! 42 
days 


14 

1 d *rs | 

28 

days 



3Ig. of nitrite and nitrate nitrogen per 100 gm. of soil. 




Soil containing SO per 
cent, moisture. 

0*20 

0-6C 

0-73 

0-87 j 

Dried 


1-08 ■ 

1-45 

Dried 

2*19 

1*7 

Soil containing 20 per 
cent;, moisture. 

0-20 

0-55 i 

0*87 

0-73 


0-90 

j 

1*28 

1*33 

do. 

1-10 

** 


The conclusions that can be drawn from this series are two : — 


(1) When the soil gets water the nitrogen begins to increase for some time 
and then a fall co m mences. If at this juncture the soil is dried at 
60°C. and then gets moistened again, the nitrogen increases further* 
for four or five weeks more, and then begins to go down. Repeated 
drying does not increase the nitrogen contents beyond & certain limit 
under the given conditions. 
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(2) The formation of nitrates continues to be on the increase long after the 
increase in total nitrogen content stops. 

Fourth Series. 

It is now a matter of wide experience that the soil improves by heating and is 
able to produce a better crop. In order to find out what extra advantage is obtained, 
with regard to the nitrogen content of the soil, where burning of the soil is practised 
a series was arranged in which the soil was previously heated to 100°C. foT half an 
hour. Water was added to make up different percentages and the samples were 
kept at 40°C. Determination of nitrogen contents was made every second week. 


Table XIII. 



Befine 
heatu gf 

After 
heatn g 

14 

days 

2b 

days 

42 

dav«* 


umI aminoniciial minxjfr ui mj. pf> SOOtpm. 

Of 90lh 

("Heated . 

30 per cent, moisture < 

31**1 

30 28 j 

40*93 | 

44*77 

41*03 

IjLnheated 

31-01 


40-b4 

42*13 

30*45 


Table XIV. 



Beto.c 
heat my 

Aftei 

heating 

14 

da>s 

28 

dajs 

42 

da>b 

f Heated . 

30 per cent, moisture - 

! Implicated 

Xiirttf tin 

0*20 | 

O-l'U 

J nit) at* mil 

0*17 ] 

nrjen in ma. 

0*27 

(MU) 

100 qrm 

0-31 

0-73 

. of soil. 

0*39 

0*87 


Table XV. 



LtatuiL 

Aft . 

hefUnur 

14 

davs 

i ‘ 

2-> 

da t \s 

42 

daj s 

("Heated . . 1 

30 per cent, moisture 

U^ated 

TV 0 

31-21 | 

31*21 

! ndrtr*t 

30*43 

1 mr. per 100 grm. of $ 
41*32 [ 45 08 

41-30 42*88 

41*42 

40*32 
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By heating the soil a small quantity of nitrogen is lost, hut it is soon made up 
after the addition of water. The total amount of nitrogen ri«es a little higher in 
the heated soil than in the unheated soil. 

If, however, the determination of nitrogen in the heated soil is continued beyond 
forty-two days it is seen that the total nitrogen goes down slowly even though the 
nitrification is quite rapid. 


Table XVI, 


Heated soil with 30 per cent , moisture . 



42 

day<3 

56 

dajs 

70 

days 

84 

dajs 

98 

days 

112 

days 



Nitrogen in mg. pet 100 grm . of «otl. 


Organic and ammoniacal ni- 
trogen. 

41*03 

40*18 

41*30 

38*88 

35*70 

31*29 

Niti ito and nitrate nitrogen . 

0*39 

0 88 

1*33 

1*46 

*• 

M3 

Total nitrogen . 

1 

4142 

41 00 

42*69 

40*34 

-■ 

32*42 


If to the heated soil enough water is not added . more nitrogen than in the un- 
heated soil is not added as will be seen from the following figures - 


Table XVII. 



Before 

heating 

After 

heating 

i 

14 

days 

28 

days 

42 

days 


j Total nitrogen in mg. per 100 grm. of soil. 

^Heated . 

20 per cent, moisture •< 

31*21 

30*45 

39*55 

41*29 

39-87 

(jLTnheated 

31*21 


41*40 

41*f7 

39-35 


General Conclusions. 

(1) "When water is added to the soil, within ten days a large quantity of nitrogen 
is fiy ed and this goes on incr easing tall about thirty-five days and then slowly begins 
to decrease, 
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(2) Upto 30 per cent, of water, the larger the quantity of water the higher is 
the nitrogen fixed. 

(3) The fixation of nitrogen and nitrification are higher at 40°C. than at lower 
temperatures. 

(4) Increase in nitrogen takes place both in the presence and absence of light. 

(5) The addition of lime to the soil (already containing enough of lime) does not 
show any advantge over the original soil in increasing nitrogen fixation, but it facili- 
tates nitrification. 

(6) If the soil which has fixed the highest quantity of nitrogen after being moist- 
ened gets dried up and then gets moistened again, the nitrogen increases further 
for four or five weeks more and then begins to go down. Repeated drying, however, 
does not increase the nitrogen contents beyond a certain limit. 

(7) If the soil is heated to 100°C. it loses a small quantity of nitrogen. This 
however, is soon made up if enough water is added to it, and the total amount of 
nitrogen fixed in the heated soil is found to be higher than that in the unheated soil. 



APPENDIX. 


Method of determining Organic and Ammoniacal Nitrogen. 

The organic and ammoniacal nitrogen of the soils was determined together by 
the usual Kjeldahl process. For this, 20 grm. of the soil sample were digested in 
a Kjeldahl flask with stiong sulphuiic acid, the digestion being completed by the 
addition of potassium sulphate. The liquid so digested, after being made alkaline 
by the addition of a sufficient quantity of caustic soda, was distilled by means of 
steam and the ammonia evolved was collected in tenth-normal sulphuric acid. The 
excess of acid was neutralized by tenth-normal caustic potash, using methyl orange 
as an indicator ; and from the amount of tenth-normal sulphuric acid used, after 
making necessary correction for blanks, the nitrogen content of the sample was 
calculated. 


Nitrite Determination. 

In this determination the Griess Hosway method was followed. In this method 
two reagents were used : (1) 0-5 grm. of sulphapilic acid was dissolved by heat in 
150 c.c. of dilute acetic acid (1:2), (2) 0-1 grm. of alpha-naphthylamine was heated 
with 20 c.c. of strong acetic acid and mixed with 130 c.c. of dilute acetic acid (1 : 2). 
These two solutions were kept separate and one c.c. of each of these was added to the 
solution from which nitrite was to be determined. In the case of soil extracts 50 c.c. 
of the clear filtrate were used. The red colour was allowed to develop and in every 
case the same period was allowed for its development and the colour was then com- 
pared with standardized tintometer glasses. 

A standard solution of sodium nitrite was prepared by dissolving 0-493 gnn. 
in 1,000 c.c. of water. 5 c.c/ of this were made to 500 c.c. and from this 25 c.c. were 
taken for standardizing the tintometer glasses. This method is of great advantage. 
The nitrite solution does not remain constant as the tintometer glasses and the 
trouble of preparing the standard solution every now and then is saved, because 
once the glasses are standardized they remain constant. 


Nitrate Determination. 

The phenol-disulphonic acid method was used throughout to determine nitrates. 
370 grm. of pure strong sulphuric acid were added to 30 grm. of pure phenol cry- 
stals and placed in an Erlenmeyer flask which was submerged in boiling water for 
six hours. The reagent was then preserved in a stoppered bottle. A standard 
solution of potassium nitrate was prepared by dissolving 0-722 grm. of pure potas- 
sium nitrate ^previously heated just to fptse) in water and the solution made upfco 

{ & ) 
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1,000 c.c. 1 c.c. of this, containing 0*1 mg. was used for standardizing tlie yellow 
coloured glasses of the tintometer. The nitrate solution keeps well, yet the tinto- 
meter is used because it is more convenient. In each determination 50 c.c. of the 
clear extract of the soil were evaporated just to dryness in a porcelain dish on a 
water bath, with two drops of a saturated solution of sodium carbonate being pre- 
viously jidded. When it is dry it is dissolved in water to 90 c.c and 10 c.c. of 
ammonia (1 : 2) were added. After shaking the cylinder and allowing the yellow 
colour to develop in every case for the same period, the quantity of nitrate was 
calculated by comparison with the standard tintometer glasses. 
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THE DETERMINATION OF AVAILABLE PHOSPHORIC ACID 

OF CALCAREOUS SOILS. 

PART I. 

Inapplicability of Dyer’s Method to Highly Calcareous Soils. 

BY 

SURENDKALAL DAS, M.Sc., 

Assistant to the Imperial Agricultural Chemist. 

(Received for publication on 9th June 1925.) 

The value of weak acid solvents has generally been recognized by all agricultural 
chemists as a means of evaluating the “available” potash and phosphoric acid in 
soils. The importance of this method of analysis lies in the fact that it affords a 
distinction between those phosphorous compounds which are fairly easily soluble 
and may therefore be expected to become readily available as plant food, and the 
less soluble compounds which are of less value to the nutrition of plants. But it 
is generally conceded that the method is an empirical one, and its usefulness lies 
in the correlation of the analytical values obtained with the response of ordinary 
soils to a manurial treatment based on these values. 

The method had its origin in the conception of the plant root as a special ex- 
creting agent capable of liberating acids which attack the soil constituents, and, 
by dissolving them, bring them into a form to be readily assimilated by the plant. 
With this conception in view Dyer 1 examined the root-sap acidity of 20 different 
natural orders of plants and found it to be on the average 0-91 per cent, in terms of 
citric acid. He, therefore, proposed 1 per cent, citric acid solution as the standard 
to be employed for the estimation of available potash and phosphoric acid in soils. 
Since then the use of citric acid has been widely accepted for this purpose, although 
in later years other acids of different strengths have come into use. 

The conception of the plant root as an excreting and dissolving agent which gave 
rise to the above methods is now generally abandoned, as no trustworthy evidence 
can be obtained that any acid other than carbon dioxide is excreted, or that any 
action beyond respiration is concerned. However, the general principle under- 
lying them is the extraction of soils with acids of low concentration, and their value 
lies in their correlation with the results of cropping and manurial treatments. 


1 Trans. Chem. Sac 1894, 65, 11-5. 
( 69 ) 
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The application of Dyer's method of analysis to highly calcareous soils results in 
the neutralization of much of the citric acid used, and the values obtained in these 
circumstances have been received with suspicion by many chemists. Dyer himself, 
in a postscript to his paper (loc. cit.), recommended that in such cases an extra 
amount of citric acid equivalent to the quantity of calcium carbonate present might 
reasonably be added to the solution. 

Wood 1 and Leather 2 , when employing such extra amount of acid, found that 
the results obtained weTe not borne out by actual farm practice or pot-cultures ; 
but C o usins and Hammond 3 , from experiments on bananas, adduce evidence dia- 
metrically opposed to their conclusion. Stenius 4 , using extra amount of citric 
acid, found that the basicity has a decidedly depressing influence on the solvent 
power of citric acid for available P 2 0 5 . His results do not lend support to the con- 
tentions of Cousins and Hammond. 

Hall and Flymen 5 added to soils 2-10 per cent, calcium carbonate as finely- 
powdered Iceland Spar, and found that the citric acid, as it was neutralized by 
CaC0 3 , extracted less and less phosphoric acid, until with 10 per cent. CaC0 3 , 
which is more than what is required for complete neutrality, the amount dissolved 
approximated to that dissolved from the soil by carbon dioxide alone. They held 
that in the light of more extended experience it might be found necessary to adopt 
different limits for soils of different types. 

Sen 6 , following a similar line of investigation, demonstrated that the addition 
of increasing amounts of CaC0 3 io non-calcareous soils resulted in decreasing 
amounts of P.,0 5 being extracted by 1 per cent, citric acid solution, and concluded 
that the method could not be relied upon to determine the limits of fertility of cal- 
careous soils. 

Similarly, Ramsay 7 found that the presence of CaC0 3 in tricalcium phosphate 
materially reduced tne percentage of P^0 5 extracted when the standard method 
of extraction with citric acid was applied to the mixtures. 

Davis 8 , in his siudy of the calcareous soils of Bihar, has shown that soils con- 
taining practically the same amounts of lime may give extraordinary differences 
in the values o£ available P 2 0 5 extracted by Dyer's method and that soils with a 
very high proportion of lime may give much higher values than soils with a far 
smaller proportion of lime. He thus holds the opinion that the varying values 
obtained with such calcareous soils give a good indication of their fertility and 
probable manurial reaction. This argument is not, however, convincing, for the 
fact remains that the majority of North Bihar calcareous soils yield such extremely 

1 Trane Chem. Soc. r 1890, 287. 

* Mem. DepL Agri . India , Chem. Series, Vol I, No. 4, 1907. 

* Analyst, 1903, 28 , 230. 

* Jour. Indue, and Engin. Chem., March 1, 1919. 

* Trans. Chem . Soc 1902, 117-144. 

* Agr%. Jour. India , April, 1917. 

7 Jour. Agri. Sc., Vol. IX, 1917. 

* Indigo Publication No. 1, Fosa, 1918, 
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low values of available phosphoric acid that if any reliance has to be placed upon 
them, the action of phosphatic manures on them should be well defined and dis- 
tinctly positive, whereas in actual farm practice it is found that their action is 
extremely erratic. The application of superphosphate alone, more often than not, 
yields disappointing results, and the best yields are usually obtained in conjunction 
with green-manuring. 

The trend of such observations as are available, judged in the light of experience, 
led the writer to the conclusion that with highly calcareous soils there is no definite 
correlation between the available phosphoric acid determined by Dyer’s method 
and the manurial reactions obtained, and that the method is of very dubious value 
under these conditions. This should be obvious from a consideration of the facts 
that the composition of the extracting liquid changes considerably in character with 
the proportions of CaGCh present, and that, as shown by Hall and Amos 1 , the 
amount of a soil constituent which passes into solution depends not only on its 
nature, but also on its mass. 

The composition of the extract of a soil when tieated with any solvent depends 
upon the following factors : — 

1. The mass of the mineral constituents exposed to the solvent and their 

solubility under the conditions of the extraction, and the nature of 

the solvent. 

2. The effect of the solvent upon the soil particles protecting or enclosing the 

minerals. 

3. The power of the soil to fix or adsorb the dissolved substances from the 

solution. 

Consequently, it appeared desirable to make a more detailed study of the effect 
of increasing proportions of CaCO a in a soil on the amounts of the “available ” 
phosphoric acid determined by Dyer’s method than had been done by Sen (loc. cit). 
The latter increased the proportions of added CaC0 3 by increments of 5 per cent, 
up to a ma ximum of 40 per cent., but in the present investigation these increments 
were materially decreased so as to follow the effect more closely up to a maximum 
addit’on of 25 per cent. 

The soil selected was obtained from Kalianpur and was found to contain a con- 
siderable amount of available P 2 0 5 as determined by Dyer’s method and a very 
small proportion of CaC0 3 . The physical and chemical characteristics of this soil 
as well as of the Pusa soil employed in this investigation are given in a paper publish- 
ed by Harrison and Das 2 . At the same time Sen’s experiments of mixing Kalianpu* 
and Pusa soils were repeated, but in this case the available potash was not estimated 

The results obtained from the application of Dyer’s method to the several mix- 
tures are given in the following tables. 


1 Trans. Chem . Soc., 1906, 89, 205. 

* Mem. Dept A$ri., Zadfwt, Chem. Bmes, YoL V, No. 9, 1921, 210-211. 
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Table I. 

Showing the effect of increasing proportions of OaCO z added to Kalianpur soil on the 
available Pf\ and K % 0 extracted by Dyer s method . 


Per cent. CaCO, 

Grin. a\ oil- 
able p,O s per 
100 qim. 
mixture 
(font (1) 

Available 

P,O s 

present 

O'nlcalaUd) 

Per cent. 

extiactod 

(irm. a-\ail- 
ablo X*0 per 
100 qrm. 
mixture 
(font d) 

Available 

K,0 

present 

(calculated) 

Per cent. 

X* O 

extracted 

0 . 





0*3.54,1 



0*0344 


100*0 

2 





0-259U 

0*3276 

82*1 

0*0290 

0*0337 

86*1 

4 . 





0*2040 

0*3206 

64*1 

0*0204 

0 0330 

80*0 

5 . 





0*18,55 

0*3176 

57*8 

0*0230 

0*0327 

73*1 

6 . 





0*1279 

0*3142 

40*7 

0*0109 

0*0323 

61*6 

7 . 





0*016:1 

0*3109 

11*7 

0*0142 

0*0320 

44*4 

8 . 





0*0257 

0*3070 

8*4 

0-01C0 

0*0316 

50*0 

0 . 





0*0231 

0*3042 

7-0 

0 0153 

0*0313 

48*9 

10 . 





0*0104 

0*3000 

8-i 

0*0142 

0*0310 

45*8 

12 . 





0-0109 

0*2942 

3*7 

0 0152 

0*0303 

50*2 

14 . 





0*0088 

0 2875 

3-1 

0*0155 

0*0206 

52*4 

1C . 





0*0049 

0-280S 

1-7 

0*0147 

0*0280 

50*0 

IS . 





0*00.11 

0*2741 

M 

0*0157 

0*0282 

33*7 

20 . 





0-0025 

0*2074 

0*9 

0*0141 

0*0275 

51*3 

21 . 





0-0017 

0*2507 

0*7 

0 0134 

0*0258 

52*0 


In the above experiments the Kalianpur soil was mixed with pure Ca00 3 contain- 
ing no P 2 0 5 and the comparisons are therefore easy to determine. In the case of 
the experiments where the Kalianpur soil was mixed with Pusa soil, the amount of 
P 2 0 5 extracted from the mixtures becomes a proportion of the two soils and the 
comparisons are not so easy to determine. The results obtained are given in the 
following table. 


Table II. 


Showing the effect of increasing proportions of Pusa soil added to Kalianpur soil on 
the available P%0 5 extracted by Dyer's method. 


Per cent. 

Kalianpur soil 

Per cent. 
Pusa soil 

Per cent. 
CaCO* 
equivalent 
to per cent. 
Pusa soil 
in tbe 
mixture 

Per cent, 
available 
P s O B in soU 
mixture 
(found) 

Per cent, 
available 
P|0 5 from 
1st and. last 
experiments 
(calculated) 

Percent. 

exfcracJed 






■ 

(in Kalian- 









HI ifflil 1 

pur safl 




I0O 





m 

0*28) 

0*3034 


100 0 

95 





i 1 

1*63 

0*2628 

0 2889 

91 0 

90 






3*25 

0-1852 

0-2743 

67*5 

85 




, 


4*88 

0-1586 

0-2598 

02-7 

80 







0*1005 

0*2452 

41 0 

75 







0*0410 

0 2807 

17 7 

70 


% * . 



30 


0-0353 

0*2161 

16 4 

60 





40 

13 00 

0-0250 

0*1870 

13*4 

50 





50 


0 0158 

0*1579 

10 0 

40 

* 




60 


0*0085 

0*1288 

0-6 

30 





70 


0 0061 

0 0997 

6*1 

an 





80 

26 00 

0-0028 

0 0700 

4 0 

XH 

4 




100 

32*50 

0 0O04 

0*0124 

3 2 







100 

32*50 

0 0324 

0 0124 

100 o 


* la thfo exjwlineiit ntttctat citrir oda (»>., 45 46 arm.) to neutrally© 32-5 arm. of CaCO, present in the son - 
! per e*nt. exorss citric add, all dlwlwt *n 1 litre elution, used. * 01 
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Diagram I. 

Showing the curves produced by plotting per cent. CaCO„ present as such or in the 
form of Pusa soil in the mixtures against per cent P 2 0 5 extracted .- 



Of 5 to IS 20 25 

Per cent. CaC0 3 present in mixture. 


The curves very clearly show the similarity of the results obtained when the 
0aCO 3 is added as such or in the form of Pusa soil. It is evident that the mami 
deter mining factor is the amount of 0aC0 3 present, but the continuity of effect is 

not apparent. , 1 ‘ i ■ • - < . '-.-u' 

It is found that there is a rapid faffing ofi tri the amount W «whl 
until there is between 7 and 8 

reduction becomes less nj?anoua&0«k ItUi .lit* '.I thUH'l i i ■ ’ ! 
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When, however, the values obtained with over 7 per cent. CaC0 3 present are 
plotted on a larger scale, the breaks in the curve are made more pronounced. This 
is shown in the following diagram. 

Diagram II 

Showing a larger scale plotting of the P 2 0 5 extracted against per cent CaCO z present. 



The broken nature of the curve suggests that the values obtained for P„0 K vary 
according to the character of the solvent solution, and it is possible from the curves 
to approximately determine the phases which control the extractions concerned. 
With gradually increasing amounts of CaCO s the solutions resulting from the inter- 
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action of CaC0 3 with a citric acid solution of definite volume and strength show the 
following changes : — 

1. A strongly acid solution. 

2. A series of solutions of decreasing acidity with increasing amounts of C0 2 

and saturated with respect to calcium citrate, up to about 7 per cent. 

CaC0 3 , marking the point at which the citric acid is completely neutra- 
lized. 

3. A‘ saturated solution of calcium citrate with decreasing amounts of free 

C0 2 and increasing proportion of calcium bicarbonate, from about 

7-12 per cent. CaC0 3 . 

4. A saturated solution of calcium citrate with increasing concentration of 

calcium bicarbonate, from about 12-16 per cent. CaC0 3 . 

5. A solution of approximately constant composition with respect to calcium 

citrate and bicarbonate, from 16-25 per cent. CaCO^ or upwards. 

It will be shown m the sequel that the extraction of the Kalianpur soil with 
solvents approximating in composition to the phases mentioned above yields results 
commensurate with those obtained from the corresponding soil mixtures. For the 
present, however, it may be taken that the application of the Dyer's method for the 
estimation of available phosphoric acid in calcareous soils is, in effect, an extraction 
with a series of dissimilar solutions, the composition of which depends mainly upon 
the amount of CaC0 3 present. 

When the composition of these solutions is carefully considered in detail, it is 
evident that two main phases are concerned : — 

(i) A phase of decreasing acidity with an approximately constant Ca-ion 

concentration ; and 

(ii) A phase of a series of solutions with an increasing Ca-ion concentration. 

It would seem probable, therefore, that by plotting the logarithm of the per- 
centage of CaC0 3 against the logarithm of milligrams P 2 0 5? two definite curves 
would be produced. That this is the case is shown in the following diagram. 

The graph, which consists of two distinct parts, clearly sho^s that the extraction 
of the P 2 O s is not affected by a uniform set of factors, but that one set of factors 
operate up to the point when the percentage of CaC0 3 reaches between 6 and 7 
per cent., and above this point a different set of factors affect the extraction. The 
variations of individual determinations from the straight line curve may also be 
considered to be due to the minor changes ot composition in the several solutions* 

From this it follows that in the case of mixtures of Kalianpur soil with flaCO* 
the changes are approximately governed by the mathematical relation — 

log P=a— b log 0, 

where P=mg. P g 0 5 extracted, 

C== per cent. CaCO a present, and * 
a and b are constants. 
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Diagram III. 

Showing the curves produced by 2 lotting log per cent . CaCO s against log mg P 2 Og- 



2 * 


Log mg. P 2 0 5 

In the first stage the values for a and b are 2-573 and 0*4963, and for the second 
stage 3*455 and 2*267 respectively. The variations between the experimental and the 
calculated values are shown in the following table. 

Table III. 

Showing the calculated and the experimental values of P 2 0 o extracted from mixtures 
of Kalianpur soil with CaCO%. 


Per cent. CaCO s 1 P 2 0 5 calculated J P a O & found I Difference 


1st stage, log P=2*573 — 0*4963 log C 

2 . 0*2652 0*2690 +0*0038 

4 ....... 0*1881 0*2046 +0*0165 

5 - 0*1683 0*1835 +0*0152 

6 0*1537 0*1279 —0*0258 

2nd stage log P— 3*455— 2*267 log C 

7 - 0-0346 0*0363 +0*0017 

S 0*0256 0*0257 +0*0001 

9 0-0196 0*0231 +0*0035 

10 . 0*0154 0.0194 +0.0040 

12 0*0102 0*0109 +0*0007 

14 0*0072 0*0088 +0*0016 

16 - 0*0053 0*0049 — 0*0004 

18 0*0041 0*0031 —0*0010 

20 0-0032 0*0025 —0*0007 

25 0*0019 0 0017 — 0*0002 
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The mathematical relation given above is capable of being expressed as lollop s : — 

P=A.C,- b 

or 

b 

P.C=A. 

This resembles the well-known Poisson’s equation for the adiabatic expansion 
oi gases. The curve produced on plotting P against C as shown in Diagram I 
conforms approximately to this equation. 

In the case of mixtures of Kalianpur and Pusa soils a relationship of this type 
is not apparent, but it should be borne in mind that the latter soil itself contains 
an appreciable amount of P 2 0 5 , which is extractable by solution containing free 
citric acid. -Therefore, the experimental results are subject to the effect of factors 
which do not operate in the case of mixtures of Kalianpur soil with CaC0 3 . 
Nevertheless, it is evident that the main determining factor in both cases is the 
proportion of CaC0 3 present. This is also confirmed when the per cent, of extract- 
able P 2 0 6 extracted from both kinds of mixtures is plotted against the values of per 
cent. CaCO s present as such or in the form of Pusa soil, from Tables I and II respec- 
tively. The following diagram demonstrates this. 

Diagram IV. 

Showing the curves produced by 'plotting per cent . CaOO t present against per cent of 
extractable P 2 0 5 actually extracted . 



O to 20 30 +0 50 60 70 BO BO 100 

Per cent, of extractable P 2 O s extracted. 


That adsorption does not control the phenomena is demonstrated by the fact 
that the amount of P 2 0 5 extracted varies according to the time of extraction, ail 
other things being equal. The results are shown in the following table. 



78 


AVAILABLE PHOSPHORIC ACID OP CALCAREOUS SOILS 


Table IV. 

Skowiyig the tffect of time on the extraction of P 2 0 5 by Dyer's method . 


Per cent. CaC0 3 m soil mixtuie 


P,0, EXTRACTED PER 100 GRM. SOIL MIXTURE 


By 24 hours’ shaking By 48 horns’ shaking 



That is to say, the increased time of extraction leads to a decided reduction in 
the amount of P 2 O s extracted, and this is not evidently due to adsorption pheno- 
menon, but to an increased Ca-ion concentration in the solvent. The effect of the 
presence of CaC0 3 on the extraction of P 2 0 5 is, therefore, mainly chemical in charac- 
ter. 

Turning now to the figures in Table I for the available K 2 0 extracted, it is obvious 
that there is a falling off in the values obtained up to about 7 per cent. CaC0 3 
present in the soil mixture, and beyond that the rate of reduction is hardly 
appreciable. This is shown in the following diagram. 

Diagram V. 

Showing the effect of increasing proportions of CaCO z on the available K % 0 extracted 
from Kalianpur soil by Dyer's method. 



Per cent. CaCCb, present. 
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When the values for K 2 0 are carefully examined, it is evident that there is a 
gradual reduction in the amount extracted with the decreasing acidity of the solvent 
during the first stage up to about 7 per cent. CaC0 3 present, marking the point at 
which all the citric acid used is completely neutralized and afterwards the amount 
of K 2 0 extracted is practically constant with the almost neutral character of 
solvent produced. 

Consequently, the presence of larger proportions of CaC0 3 than 7 per cent, has a 
much smaller effect on the K 2 0 values than is the case with P 2 0 5 , and the validity 
of Dyer’s method applied to calcareous soils is not materially affected in its relation 
to available K 2 0 beyond the stage of 7 per cent. CaC0 3 present. 

Finally, the following table shows that the extraction of the Kalianpur soil with 
solvents approximating in composition to those produced with varying proportions 
of CaC0 3 yields comparable values. 


Table V. 


Showing the amounts of P 2 0 5 and K 2 0 extracted from Kalianpur soil with solvents 
corresponding to the phases produced with varying proportions of CaCO B . 


Solvent 

Per cent. 

p 2 o 5 

exti acted 

Per cent. 
K,0 

extracted 

With corresponding 
phase by Dyer’s 
method 

Per cent. 
a\ adable 

Per cent, 
a^ ailable 
K,U 

Saturated solution of calcium citrate -f CO, 

Saturated solution of calcium citrate -f- 
calcium bicarbonate. 

0*0009 

0-0012 

0*0100 

0-0149 

0-0303 

0-0023 

0-0142 

0-0141 


Hence, the conclusion emerges that the application of Dyer’s method to calcareous 
soils results in the employment of solvents varying in composition according to the 
amount of CaC0 3 present. 

Further, an extraction was made of the Pusa soil with 1 pel cent, citric 
acid solution after neutralizing the CaC0 3 present with extra amounts of citric acid 
as was suggested by Dyer in the postscript of his paper (loc. cit.). 

As 7*15 grm. of Ca00 3 are neutralized by 10 grin, of citric acid according to tile 
equation — 

C^. COOH 

2 C x . (OH). COOH, H 2 0 +3 CaC0 3 =(C 6 H 5 O t ) 4H*0+3C(Vf H*0 

CH 2 .COOH Sx 100=300 

2x210=420 
Citric acid. 


Calcium carbonate Calcium citrate. 




80 


available phosphoric acid op calcareous soils 


The 32*57 grm. of CaC0 3 present in 100 grm. of Pusa soil taken for the experiment 
will require 45*6 grm. of citric acid for complete neutralization, and consequently, 
while making the extraction, this amount of citric acid was dissolved in a litre of 
1 per cent, citric acid solution. No allowance was, however, made for other basic 
<ubstances, such as, Fe, Al, Mg, etc., present which might consume some of the 
citric acid for their solution. The results are shown in the following table and com- 
pared with those obtained with 1 per cent, citric acid solution alone. 


Table VI. 


Showing the amounts of P 2 0 5 and K 2 0 extracted from Pusa soil by the original and the 

modified method of Dyer. 


Solvent used 

Per cent. P.j0 5 extracted 

Per cent. K a O extracted 

1 per cent, citric acid solution alone (original 
method). 

0-0003 

0-0109 

1 per cent, citric acid solution -f sufficient 
citric acid to neutralize CaC0 3 present 
(modified method). 

0-0154 

0-01S5 


The value of P 2 0 5 obtained with extra amount of citric acid as suggested by Dyer 
(loc. cit.) for calcareous soils, although considerably higher than Dyer’s limiting 
figure of 0*01 per cent. P 2 0 5 , does not agree with the known manurial reactions of 
the Pusa soil and such other calcareous soils of Bihar. Hence, Dyer’s contention 
breaks down in such cases as a discriminating agent. 

Incidentally, it may be mentioned that Leather published the results of similar 
experiments a few years ago (loc. cit.) with a Pusa soil containing 38*63 per cent. 
CaC0 3 . His figures for potash and phosphoric acid are unexpectedly lower than 
those I have obtained under similar experimental conditions. This is obviously 
due to the fact that he took 10 grm. of citric acid as being equivalent to 14*30 grm. 
of CaCOa instead of the correct amount of 7*15 grm. (see p. 46 of Leather’s paper). 


Summary and Conclusions. 

1. Dyer’s method breaks down as a means of estimating available phosphoric 
acid in calcareous soils. The application of 1 per cent, citric acid solvent in such 
cases is, in effect, an extraction with a series of dissimilar solutions, the composition 
of which depends mainly upon the CaC0 3 content of the soils. 

2. In the case of available potash Dyer’s method is at least unsuitable for those 
soils whose CaCO s content ranges from 1 — 7 per cent., beyond which, however, 
the extraction of potash is not materially affected by the presence of CaC0 3 . 
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3. The suggestion made by Dyer ior the use of an extra amount of citric acid to 
neutralise the CaC0 3 present in calcareous soils in addition to the usual 1 per cent, 
citric acid solution, produces results which are not correlated with the known manurial 
reactions of such soils. 

4. This being the ease, the values obtained by D} T er*s method in the case of 
calcareous soils of varying CaC0 3 content cannot be correlated with one another, and 
far less so with non-caleareous soils. Consequently, the method must be looked 
upon with suspicion, until a rigorous correlation of the analytical data with definite 
manurial reactions of the soils under examination can be obtained. 




PART IL 


Extraction of PliDsphoric Acid of Calcareous Soils with Salt Solutions. 

In Part I it lias been demonstrated that tbe presence of CaC0 3 interferes consider- 
ably with tbe estimation of available plant food in calcareous soils by Dyer’s method 
(loc. cit.) s and consequently renders tbe application of 1 per cent, citric acid solvent 
in sucb cases of dubious value. This being tbe case, the employment of such a solvent 
as is not appreciably affected by tbe presence of CaC0 3 is rendered necessary in order 
to secure a reliable indication of tbe fertility of these soils in relation to available 
plant food. 

Most investigators who have proposed methods of determining available plant 
food in soils have employed an acid of weak concentration as tbe solvent. For 
example, dilute HC1, ECST0 3 and CH 3 . COOH of indefinite strength were proposed 
in tbe earliest papers on this subject by Liebig, 1 Deherain, 2 Vogel, 3 and Dugast 4 . 
1 per cent, citric acid solution was proposed by Tollens 5 , Ollech 6 , Stutzer, 7 Thomson, 8 
and Dyer®, whereas Eggertz and Nilson 10 , and Wiklund 11 used 2 per cent. HO, i.e. s 
of about N/ 1 *82 strength . Tbe American Association of Official Agricultural Chemists 
prefers tbe use of fifth-normal HC1 or HN0 3 for this purpose, whereas Moore 12 
proposed H/200 HC1, Maxwell 13 I per cent aspartic acid, Schloesing, Jim. 14 dilute 
HN0 3 of various strengths, and Emmerling 15 1 per cent, oxalic acid. On the other 
hand, Mitscherlich 16 , Schloesing, 17 and Garlach 18 thought that the natural solvent 
of any theoretical interest is that of carbon dioxide only, which is excreted in the 
process of respiration by plants, and therefore proposed an aqueous solution of C0 2 
as the solvent for estimating available plant food in soils. 

A very few workers, however, have used alkaline or neutral salt solutions. For 
instance, Petermann 19 employed ammoniacal solution of ammonium citrate, HofE- 
meister 20 ammoniacal solution of humic acid, Dugast 21 solutions of ammonium 


1 Zeit. d. Landw . Ver 1872. 

2 Ann. Agron , 1881, 6, 392-393 ; ibid., 17, 445-454. 

* Bied. Cenir.y 1882, 852. 

* Ann. Agron , 9, 470-478. 

* Ber. d. deutsch. Chem . QeselL, 1880, 13, 1267. 

* Journ.f . Landw., 1882, 30, 519. 

» Chem. Jnd., 1884, 7, 37. 

Ibid., 1885. 

* Trans . Chem. Soc.. 1894, 65, 115-167; and also Phtl. Tram., 1901, 194B, 233 290. 
« Bied. Cent*., 1889, 664-068. 

Landw. Jahrb.y 1892, 20, 909-928. 
i* Journ. Amer. Chem. Soc., 1912, 791. 

Ibid., 1899, 21, 4-15. 

14 CompL rend., 1899, 128, 1004. 

**Bied. Cenir., 1900, 29, 75. 
i« Landw. Jahrb., 1907, 36, 309-369. 

” Compt. rend., 1900, 181, 149. 

12 Landw. Vers whs. SkU. 9 1896, 46, 201 . 

19 Beckerches d&r chimie et Physiologic, 1898, 3, 50. 

22 Landw. Verswhs. Skit., 1898, 50, 343. 

Ann. Alton., 1884, 8, 470-478. 
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oxalate, ammonium citrate, and also water, and Lecliartier 1 2 per cent, ammonium 
oxalate. 

t It lias been generally recognized that some solvent weaker than strong mineral 
acid should be employed in the analysis of soils in order to obtain an indication 
of the proportion of available mineral plant food. Most of the suggestions made, 
however, have been arbitrary in the sense of not having any definite basis beyond 
the recognized necessity that the solvent should be a weak one. 

It is obvious that the employment of ordinary acids will bring about a reaction 
with the calcium carbonate present in calcareous soils and introduce calcium-ions 
in the extracting liquid, which will tend to depress the concentration of P 2 0 r> ions 
in the solution. 

This being the case, it appeared desirable to make a study of the action of various 
salt solutions on the solubility of the phosphates of calcareous soils in order to find 
one which is not affected by varying amounts of OaUOg. In this connection the 
study must also extend to the discovery of a solvent which is capable of dissolving 
such quantities of It>O r> uH will not give rise to manipulativeand analytioaldiflicultios. 

The same Kalianpur and Push soils as were used in Part l were also employed 
for this investigation. 

Those salt solutions were chosen winch probably would not be appreciably 
affected by the presence of (Vi(!O 0 . 

Method of experiments, 100 grm. of various soil mixtures with (JaDO., or Pusa 
soil were shaken with a litre of the solvent for 24 hours as in thecase of Dyer’s method 
in a mechanical shaker in end-over-end rotations in a room which was not subjected 
to sudden changes of temperature. After separating the extract by suction, the 
dissolved P 2 0 5 was determined in the usual way by the molybdate ammonium method. 
In some cases the dissolved K 2 0 was determined by the platinic chloride method. 

I. Extraction with 1 per cent, neutral ammonium citrate solution (N/8 

STRENGTH). 

Table I. 

Showing the extraction of P 2 0 r> from Kalianpur soil with 1 per cent. neutral ammonium 
citrate solution, and (he effect of OaGO a as such or in the form of Pusa soil on it. 



Ohm. KjO i>kk J00 
(1KM. mixturu 


Pound 

Calculated 

0-0359 


0*0303 

0-034 X 

0-0332 

0-0323 

0-0320 

0*0305 

0-0303 

0-0287 

0*0283 

0-0209 

0*0209 

0-0251 
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Table I — concU . 


Grm. Kalianpur soil taken 


Grm. 
Pusa soil 
added 


Grm. P,05 per 300 

GRM. MIXTURE 


Pound 


Calculated 


Grm. K 2 0 per 100 

GRM. MIXTURE 


Pound 


Calculated 


B. 


Kalianpur soil Pusa 'soil 


100 , 





nil 

0-0459 

— 

0-0359 

— 

or, . 





5 

0-0048 

0-043G 

0*0356 

0-0349 

90 . 





10 

0-0037 

0-0416 

0 0336 

0*0338 

85 . 





15 

0-0032 

0-0391 

0*0308 

0-0327 

80 . 





20 

0-0037 

0-0369 

0-0306 

0*0317 

75 . 





25 

0*0035 

0*0346 

0*0303 

0*0306 

70 . 





30 

00023 

0-0324 

0*0294 

0-0295 

nil . 





100 

0-00086 

0-00086 

0*01467 

i 

0*01467 


The extracts obtained were all brown in appearance, showing that an appreciable 
amount of organic matter was dissolved out. It is obvious that the presence of 
CaCOjj in any form has depressed the solubility of the soil phosphates. Similar 
results were obtained by Harrison and Das 1 , who found that CaCO s added to a 
saturated solution of dicalcic phosphate in 1 per cent, neutral ammonium citrate 
rendered insoluble some of the P 2 0 5 from the solution under similar conditions. 
Further, it is evident that the effect of adding Pusa soil to the mixture on the extrac- 
tion of P 2 0 6 is much more depressing than pure CaC0 3 . In the' case of the extraction 
with an solvent such $s the 1 per cent, citric acid solution tlie effect was just 
the reverse. Here, in the case of mixtures with Pusa soil evidently other factors 
come into play which do not operate in the case of the mixtures of Kahanpur soil 
with CaCO s and which bring about a greater reduction in the amount of P 2 0 5 content. 
On the other hand, the effect on the K a O extracted from the several mixtures is 
comparatively small, and consequently its estimation was not f undertaken in the 
experiments which follow. 


Mem. Dept. Agri., India, (Mem. Striv*, Vol. V, 1021, 306 
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II. Extraction with a saturated solution of calcium citrate. 


Table II. 

Shomttg the extraction of P 2 0 5 from Kahanpur soil with a saturated solution of 
calcium citrate and the effect of CaCO s as such or in the form of Pusa soil on it. 




GrH. P a O s PER 100 GRM. MIXTURE 


Grm. CaC0 3 
added 



Grm. Kalianpur soil taken 

Pound 

Calculated 



A. Kahanpur soil-pCaCO z 


100 








nil 

0-00032 

95 








5 

0-00027 

90 








10 

0*00025 

85 








15 

0-00030 

80 








20 

0*00026 

75 








25 

0*00019 

70 







. 

30 

0*00017 


0 '00030 
0-00029 
0-00027 
0*00026 
0-00024 
0.00022 


B. Kalianpur soil -f Pusa soil 


Grm. Pusa 
soil added 


100 







nil 

0-00032 



95 







5 

0*00033 

0-00032 

90 







10 

0*00030 

0*00032 

80 







20 

0-00025 

0-00031 

70 







30 

0*00019 

0-00031 

60 







40 

0*00017 

0-00030 

nil 







100 

0*00028 

0-00028 


All the extracts were colourless, showing the absence of organic matter from the 
solution. The effect of either CaC0 3 as such or in the form of Pusa soil on the extrac- 
tion of P 2 0 6 appears much less than in the case of 1 per cent, neutral ammonium 
citrate solution. It is to be noted, however, that the amount of P 2 0 6 extracted from 
every soil mixture is so small as to give rise to great manipulative difficulties in 
its estimation by the standard ammonium molybdate method, and, therefore, likely 
to introduce large experimental errors. Consequently, it would not be desirable to 
draw any conclusion from such data unless a more reliable method for the estimation 
of P^O,, in minute quantities is available* 
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III. Extraction with a saturated solution of calcium citrate and 

CALI CUM BICARBONATE. 

Table III. 


Showing the extraction of P 2 0 6 from Kalicmpur soil with a saturated solution of calcium 
citrate and calcium bicarbonate and the effect of OaCO d as such or in the form of 

Pusa soil on it. 


Oim. Kalianpui soil taken 

Gim. GaOO, 
added 

URM. PjOsPBJEt 1C 

Found 

10 GRM. MIXTURE 

Calculated 






A. 

Katianpur soil+OaCO^ 


100 





• 


ml 

0 00122 

— 

95 





* 


5 

0*00039 

0*00116 

90 


. 





10 

0 00039 

0*00110 

85 


. 



. 


15 

0*00028 

0*00104 

80 


* 



. 


20 

0 00024 

0*00098 

75 


. 



, 


25 

0 00026 

0 00092 

70 

m 




, , 


30 ! 

0 06024 

9*00086 


B. KaUanpur sod - f Pusa soil 

Grm. Pusa 
soil added 


100 

. 


. 

• 


• 


nil 

0*00122 

— 

95 

. 


. 

. 




5 

0*00056 

0-00118 

90 

. 



. 




10 

0*00045 

0*00114 

80 

. 



. 




20 

0*00034 

0*00107 

70 

. 



. 




30 

0*00024 

0*00099 

60 

. 



. 




40 

0*00019 

0-00092 

nil 

• 



* 




100 

0*00046 

0*00046 


All the extracts were colourless, showing the absence of organic matter from the 
solution. It is evident that the presence of both CaC0 3 and Pusa soil has depressed 
the solubility of the soil phosphates, but the effect of Pusa soil is more pronoi need 
than that of CaC0 8 as shown in the case of 1 per cent, neutral ammonium citrate 
solution. 
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IV. Extraction with 1 per cent. Na 3 S0 4 solution (about N/T strength). 


Table IV. 


Showing *he extraction of P 2 0 & from Kalianpur soil with 1 per cent, Na 2 SO l solution 

and the effect of GaOO z on it. 


Oim. Kalianpur soil taken 

Grm. <JaC0 3 
added 

Gum. r^O-, per 100 

GRM. MTXTVR N 

Found 

Calculated 

100 

nil 

0*0014 


95 . 

5 

0*0012 

0*0012.3 

QO 

10 

o*oon 

0*00120 

85 

15 

0*0008 

0*00119 

80 

20 

0*0007 

0*00105 

75 

25 

0-0000 i 

1 

0*00105 

! 


As the extraction of Pusa soil with 1 per cent. Na 2 S0 4 solution gave only 0*00032 
per cent. P 2 0 6 , the study of its action was not considered necessary. 

All the extracts were colourless. The amount of P 2 0 5 extracted in some of the 
mixtures is so small as to have no practical value. The addition of CaC0 3 has, 
however, interfered with the extraction of P 2 0 5 to a certain extent. 

V. Extraction with 1 per cent. (NH 4 ) 2 S0 4 solution (about hT/7 strength). 

When the (NH 4 ) 2 S0 4 solution, which gives acid reaction owing to hydrolysis, 
is shaken with CaC0 3 , the resultant solution is alkaline to litmus owing probably to 
the production of (NH 4 )«> C0 3 according to the following equation — 

(hTH 4 ) 2 S0 4 -f- CaC0 3 =CaS0 4 “f- (NH 4 ) 2 C0 3 . 

The experimental results of the extraction of P 2 0 5 are given in the following table. 

Table V. 


Shoving the extraction of PfO b from Kalianpur soil with 1 per cent* (jV27 4 ) 2 $0 4 
solution and the effect of CaC0 3 on it. 


Grm. Kalianpur soil taken 



Grm. OaC0 3 
added 

Grm. lP B O s per 100 grm. mixture 

Pound 

Calculated 

100 ....... 

nil 

0*0015 


95 

5 


0*00143 

90 

10 


0*00135 

85 ....... 

15 

0*0006 

0*00128 

80 

20 

0*0004 

0*00120 

75 

25 

0*0006 

0*00113 
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The extracts were all colourless and slightly alkaline in reaction. The effect of 
CaC0 3 on the amount of P 2 0 6 extracted is very pronounced. 

VI. Extraction with 1 per cent. (NH 4 ) 2 C0 3 solution (about N/5 strength). 


Table VI. 

Showing the extraction of P 2 0 5 from Kalian pur soil with 1 per cent. (NH i ) Vs CO z solution 
and, the effect of OaOO z as such or in the form of Pusa soil on it. 




Gem Pj0 3 eeb 100 gem. mixtube 

Grm. Kalianpur soil taken 

Grm. CaCO a 



added 

Found 

Calculated 



A. Kalianpur soil+CaCO z 


100 

ml 

0*0032 

95 

5 

0*0050 

90 ....... 

10 

0 0057 

85 

15 

0*0062 

80 

20 

0*0063 

75 

25 

0*0064 


0 00304 
0 002188 
0.0027 2 
0*00256 
0*00240 


B. Kahanjpur soil -fPasff s oil 
Grm. Pusa 
soil added 


100 







. 

ml 

0*0032 

— 

95 








5 

0*0035 

0-00308 

90 








10 

0*0035 • 

000296 

80 








20 

0*0032 

0*00273 

70 








30 

0*0029 

0*00249 

60 








40 

0-0026 

0*00226 

nil 








100 

0*00084 

0 00084 


The extracts were all brownish, showing the presence of a considerable amount 
of humus in the solution. As the humus contains an appreciable proportion of P 2 0 5 , 
the results obtained are very interesting. The presence of CaC0 8 here does not 
reduce the amount of P 2 0 5 extracted as in the previous cases. On the other hand, 
not being affected by the (HH 4 ) 2 C0 3 solution it becomes an inert substance directly 
increasing the ratio of the solvent to the soil. Thus, with increasing amounts CaC0 3 
in the soil mixtures, the solvent extracts more and more humus and consequently 
increasing proportions of P 2 0 5 , which is made evident from the results obtained. 

On the other hand, the presence of Pusa soil does not appear to affect the extrac- 
tion of P 2 0 5 appreciably, as it consists not only of CaC0 3 as in the former case, but 
also other Constituents of soil which are evidently acted on by the (NH^OOg solvent. 
The latter, being alkaline in reaction, is capable of extracting humus from Pusa soil 
as will be shown later on and it is well known that humus retains P 2 0 5 with it. Por 
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the present, however, it may be taken that all these phenomena play an important 
role on the results obtained and do not exert a depressing influence on the amount 
of P 2 0 6 extracted. Thus, Pusa soil present in these soil mixtures being itself acted 
upon by the solvent employed cannot contribute towards incremental extraction of 
humus and P 2 0 6 as the presence of pure CaC0 8 did in the case of its mixtures with 
Kalianpur soil. 

Lastly, a few experiments were carried out in order to determine the amount of 
humus extracted from the soils used in this investigation, and also the proportion 
of P 2 O s present in the same. 

Ten or twenty grammes of each soil were treated directly with 500 c.c> of & per 
cent, ammonia solution in the cold and allowed to stand overnight. Then in an 
aliquot portion of the supernatant liquid humus was determined and in another 
portion P^0 5 estimated in the usual manner. The results are shown in the following 
table* 

Table VII* 


Showing the amounts of humus and P 2 0 5 { he humus extracted from Kalianpur and 
Pusa soils with 4 per cent, ammonia solution . 



Pusa soil contains’ 65 per cent, more humus than Kalianpur soil, but the humus 
of the latter is about 9 times richer in P 2 0 5 content than that of the former. 

Thus, although the presence of CaC0 3 does not directly interfere with the extrac* 
tion of P 2 0 6 by 1 per cent. (KH 4 ) 2 C0 3 solution, it indirectly affects the extraction of 
P 2 0 5 favourably as shown above. A similar effect, however, cannot be expected 
from the mixture with Pusa soil which takes part in the reaction involved, and this 
has been found to be the case as shown in Table VI (B) above. 

In conclusion, it is believed that some alkaline solvent, while extracting appre- 
ciable amounts of P 2 0 6 and at the same time not being appreciably affected by the 
presence of CaC0 3 , will be found suitable for the estimation of available P 2 0 5 in 
calcareous sods. This investigation will be dealt with in Part III of this Memoir. 

Summary* 

With a view to find out a suitable solvent for the estimation of available* phos- 
phoric acid in calcareous soils, several salt solutions, such as, 1 per cent, neutral 
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ammonium citrate, saturated solution of calcium citrate, saturated solution of calcium 
citrate and calcium bicarbonate together, 1 per cent, Na 2 S0 4 , 1 per cent. (NH 4 ) 2 S0 4 
and 1 per cent. (NH 4 ) 2 C0 3 solutions were employed in the extraction of a non-cal- 
careous Kalianpur soil mixed with varying proportions of CaC0 3 and the calcareous 
Pusa soil. It was found that in most cases the presence of CaC0 3 in any form 
reduced the amount of P 2 0 5 extracted. An exception was noticed m the case of 
1 per cent. (NH 4 ) 2 C0 3 solution when the effect of the CaC0 3 was an indirect one in 
that its increasing proportion in the soil mixtures increased the proportion of the 
solvent to the soil, and, consequently, the solvent, which is alkaline in reaction, 
extracted more and more humus and increasing amounts of P 2 0 5 from the soil 
mixtures. 

It was thought probable that some alkaline solvent, while extracting appreciable 
amounts of P 2 0 5 , would be found suitable for the estimation of available P 2 0 5 in 
calcareous soils, as increasing proportions of CaC0 3 did not lead to a reduction in the 
amount of P 2 0 6 extracted. 




PART m. 

Potassium Carbonate Method for Estimation of Available Phosphoric Acid 

of Highly Calcareous Soils, 

It has been demonstrated in the earlier portions of this Memoir that the employ- 
ment of acid solvents is inapplicable to the estimation of available phosphoric acid 
in calcareous soils and that calcium carbonate exerts a depressing influence on 
extraction by solutions of a number of salts. The investigations, however, indica- 
ted the possibility that some alkaline solvent would extract appreciable amounts of 
phosphoric acid which probably would be found of value in giving some criterion 
for the differentiation of the manurial requirements of soils of this type. 

Ammonium hydroxide solutions extract humus and the phosphoric acid combined 
with it, from soils, and Olson 1 has shown that such solutions can be employed to 
differentiate between the mono-, di-, and tri-calcium phosphates not only in the 
presence of each other, but also as they exist in fertilizers, animal and plant tissues, 
soils, etc. In a previous paper, 2 the author has shown that in calcareous soils there 
is a very rapid reversion of mono- into di-calcic phosphate and that the latter only 
very slowly reverts into the tri-calcic form. On this basis, therefore, there would 
appear to be a possibility of employing ammonia solutions for the manurial differ- 
entiation of such soils, and a number of preliminary experiments were instituted to 
test this point. 

In the first instance it was thought desirable to see whether or not varying pro- 
portions of soil to a fixed volume of solvent had any effect on the percentage of 
P 2 0 6 extracted. Quantities of Kalianpur soil varying from 20 to 100 grm. were 
therefore extracted with 500 c.c. of 4 per cent, ammonia solution in the cold by 
shaking together for two hours and then allowing the mixture to stand overnight. 
The clear solution was separated by suction through a filter and the dissolved P 2 0 5 
estimated in the usual manner. The results are set forth in the following table. 


Table I. 

Showing the results of P 2 0 5 extractions from varying amounts of Kalianpur soil with a 
constant volume of 4 per cent, ammonia solution , 


Grin. Kalianpur soil taken 

Volume of 4 per cent, 
ammonia 
solution added 

Per cent. P s 0 5 extracted 

20 . 







500 c.c. 

0 00098 

30 . 






, 


0-00098 

40 . 





* • 



0-00098 

50 . 



. 


* m 



000118 

100 . 

• 

• 

• 

- 

* 

- 


0-00101 


1 Washington Agri . Exp. 8ta. BuU. 116, 1914. 

8 Harrison and Bas. Mm. ItepU AgrL Z/tdirt, C%m> 8er Yol V, Ko. 9, 1921. 
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Tims it is shown that, under very wide variations between the weight of soil 
taken and the volume of solvent used, the percentage o£ P 2 0 5 extracted remains 
practically constant. 

The next step was to determine the effect of the presence of calcium carbonate 
or Pusa soil on the amount of P 2 0 5 extracted from mixtures. Mixtures of varying 
composition were made and extracted for six hours in a shaking machine with a 4 
per cent, ammonia solution. After standing overnight the solution was separated 
by filtration and the P 2 0 6 in it estimated. The results are given in the following 
table. 


Table II. 


Showing the effect of precipitated CaCO$ on the extraction of P 2 0 5 from Ealianpur soil 

with 4 per cent, ammonia solution . 


Per cent. 0aC0 3 
mixture 

in soil 

Grm. 

Kalianpur 
soil taken 

Grm. 

CaCOg 

added 

Grm. P 2 0 5 
extractable 
in soil 
mixture 
(calculated) 

Grm. P 2 0 6 
extracted 
in soil 
mixture 
(found) 

■Difference 

nil . 




nil 


0-00229 


5 . 



285 

15 

0-00216 

0-00144 

— 0*00072 

10 . 



270 

30 

0-00205 

0-00124 

— 0*00081 

20 . 



240 

60 

0-00182 

0-00083 

— 0-00099 

30 . 



210 

90 

0*001 GO 

0-00050 

— 0*00104 

40 . 



180 

120 

0-00137 

000039 

— 0-00098 

80 . 



60 

240 

0*00046 

0-00016 

— 0*00030 

100 . 



nil 

200 

nil 

nil 

— 


Table III. 

Showing the effect of Pusa soil on the extraction of P 2 0 5 from Kalianpur soil with 4 per 

cent . ammonia solution. 


Per cent. Pusa soil in soil 
mixture 

Grm. 

Kalianpur 
soil taken 

Grm. 
Pusa soil 
added 

Grm. 

p 2 o 5 

extractable 
in soil 
mixture 
( calculated ) 

Grm. 

PA 

extracted 
in soil 
mixture 
(found) 

Difference 

nil . 

300 

nil 


0-00229 


20 

240 

60 

0-00209 

0-00201 

-0-00008 

40 .... 

180 

120 

0-00191 

0-00167 

-0-00024 

60 

120 

180 

0-00172 

0-00159 

-0-00013 

80 

00 

240 

0*00154 

0-00142 

—0-00012 

100 

nil 

300 

0-00135 

. 0-00135 
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These results show distinctly that the presence of CaC0 3 decreases the amount 
of P 2 0 5 which is extracted from its mixture, but that this effect is comparatively 
small in mixtures with Pusa soil. This difference possibly may be due to the particles 
of CaC0 3 in the Pusa soil being partially protected by other soil constituents, and 
if this is the case, then by extracting increasing proportions of Pusa soil with the 
same volume of 4 per cent, ammonia solution and thus increasing the amounts of 
active CaC0 3 present, the percentage of P 2 0 5 extracted should show a depression. 
Experiments on these lines were instituted and the results are given in the following 
table. 

Table IV. 


Showing the results of P 2 0 5 extractions from varying amounts of Pusa soil with a 
constant volume of 4 yer cent . ammonia solution . 


Batio of grm. Pusa soil : 500 c.c. 4 per cent, 
ammonia solution 

Grm. Pusa soil 
actually 
taken 

c. o. 4 per cent, 
ammonia 
solution 
actually used 

Per cent. P a 0 5 
extracted 

20 





120 

3,000 

0-00075 

30 





135 

2,250 

0-00067 

40 





180 

2,250 

0-00056 

60 




. 

180 

1,500 

0 00053 

80 





240 

1,500 

0-00050 

100 




* 

300 

1,500 

0*00045 


It is evident that there is a decrease in the proportion of P 2 0 5 extracted as the 
proportion of soil increases, a result diametrically opposed to that obtained from 
the Kalianpur soil, and it may be concluded that ammonia extraction is susceptible 
to the influence of CaC0 3 and therefore inapplicable to calcareous soils. 

A reference to the experiments detailed in Part II shows that the presence oi 
CaC0 3 had comparatively little effect on the P 2 0 6 extracted by a 1 per cent, ammo- 
nium carbonate solution. It seemed desirable to use a stronger solution of ammo- 
nium carbonate and to compare its action with those of sodium and potassium 
carbonates. The results are given in the following table, the amount of soil and the 
volume of alkaline carbonate solution taken being 300 grm. and 1500 c.c. respectively. 


Table V. 

Showing the results of P 2 0 5 extractions from Kalianpur and Pusa soils with approxi- 
mately N/2 alkaline carbonate solutions. 


N/2 solution used 

Per cent. P a 0 4 from 
Kalianpur soil 

Per cent. P t 0 5 from 
Pusa soil 

2*85 per cent. (NH 4 )jCO* . 


0*00458 

0*00143 

2-65 per cent. Na a C0, 

* 

0-00428 

0-00249 

3-45 per cent. K. 4 C0 3 

■ 

0-00473 

i 

0-00271 
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It is found that in the case of the Kalianpur soil which is practically devoid of 
lime, the amounts of P 2 0 5 extracted are practically the same with the three solvents 
tried, whereas in the case of the highly calcareous Pusa soil the amount of P 2 0 6 
extracted by the (ISTH^COg solution is about half of what has been obtained by the 
rest of the solvents. The reason of this probably lies in the fact that (NH 4 ) 2 C0 3 
is a much weaker base than the other two and is unstable, especially in the presence 
of CaC0 3 which is a constituent of the soil itself. Further attempts with this solvent 
were therefore not made. Of the other two solvents, K 2 C0 3 extracted a 
little more P 2 0 6 both from Kalianpur and Pusa soils than Na 2 C0 3 . Potassium 
carbonate was therefore selected for further investigation, and extractions of Pusa 
soil with solutions of various strengths over different periods of time were 
carried out. 75 grm. of soil and 750 c.c. of the solvent were used in the following 
experiments and the results are set forth in the following table. 


Table VL 


Showing the results of P 2 0 5 extractions from Pusa soil with KJJO z solution of various 


strengths over different periods of time . 


With £ ter 

With 1 ter 

With 2 per 

- 

CERT. K 2 C0 3 

cent. K 2 C0 3 

cent. K a CO a 


SOLUTION 

SOLUTION 

SOLUTION 

Time of shaking m hours 





Per cent. P 2 0 5 

Per eont. P 2 0 5 

Per oent. P 2 0 


extracted 

extracted 

extracted 

6 

•00170 

0-00214 

0-00239 

8 

— 

0-00221 

— 

24 

0-00221 

0-00309 

0-00328 

48 

0-00221 

0 00334 

0-00441 

72 

0-00221 

0 00340 



96 

0-00233 

— 

0-00498 

120 . . . . * . 

— — 

0-00359 

— . 


It is evident that the greater the concentration of K 2 C0 3 solution used, the larger 
were the quantities of P 2 O s extracted, and that the eSect of time on the extraction 
of P 2 0 5 is not much pronounced beyond 24 hours' shaking except in the case of 
2 per cent, K 2 00 3 solution. On the other hand, the variation in the proportions of 
P a 0 5 extracted on 24 hours 5 shaking is much less pronounced than on longer periods 
of shaking. Further, 1 per cent. K 2 C0 3 solution is capable of extracting an appreci- 
able amount of P 2 0 5 with 24 hours 5 shaking and this amount remains practically 
constant with longer times of shaking. Shaking with 1 per cent. K 2 CO s solvent for 
24 hours was therefore fixed as a standard method of procedure for the estimation of 
available phosphoric acid in calcareous soils. The fixing of the above standards 
is further confirmed by the following considerations. 
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The relationship between the amounts of P 2 0 5 (P) extracted on shaking different 
lengths of time and the corresponding concentration (C) of K 2 C0 3 solutions used 
turns out to be a simple semi-logarithmic one, as is shown by plotting the values of 
P against log C, when the curves produced are approximately straight lines. The 
following diagram demonstrates this, where concentrations are taken as 2, 4 and 8 
respectively in the place of £, 1 and 2 per cent. K 2 CO a for the sake of drawing the 
curves. 

Diagram I. 

Showing the curves produced on plotting milligrams P 2 ^s extracted from Pusa soil 
against the logarithms of corresponding concentrations of solutions . 



The relationship may thus be expressed by the general formula — 

P= a+b log C, 

where P= mg. P 2 0 5 extracted, 

C = concentration of K S CG S solution used, 
and a and b are constants* 

That is to say, the extraction of P 2 0 5 from Pusa soil follows the law of mass 
action, the proportion of P 2 0 5 extracted at any time being a function of the total 
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amount of P 2 0 5 and depending upon the concentration of K 2 C0 3 solution used. 
It is also evident from the curve that there is less variation in the amounts of P 2 0 6 
extracted with 24 hours 5 shaking, which has been adopted as the standard. 

To find out the theoretical considerations underlying the action of K 2 C0 3 solvent 
on the phosphates of calcareous soils, some experiments were next undertaken. 

Extracting a sample of dicalcic phosphate with 1 per cent. K 2 C0 3 solution in the 
cold yielded results which are set forth in the following table. 


Table VII. 

Showing the results o/P 2 0 5 extractions from dicalcic phosphate on 

different periods of time . 


or 








Grm. 

1 per 

Grm. P 2 0 5 


Time of shaking in hours 


dicalcic 

phosphate 

cent K 2 C0 3 
solution 

in solu- 
tion after 







taken 

added 

shaking 

24 






0*5 

100 c. e. 

0-0318 

24 






1-0 


0*0697 

24 






2-0 

»> 

0-1411 

48 





„ 

1*0 

» 

0-0939 

96 


* 



* 

1*0 

»» 

0-1292 


Per cent 
action 


46 - 7 ^ 

o-7 


50 * r * > 
51-4 J 


49 6 

08 *2 
93*9 


The reaction between dicalcic phosphate and K 2 C0 3 solution is thus seen to be a 
progressive one depending upon the time of shaking, the extraction evidently proceed- 
ing to completion after a little longer time than 96 hours. The reaction which takes 
place is shown by the following equation : — 

3 CaHP0 4 , 2 H 2 0+K 2 C0 3 =Ca 3 (P0 4 ) 2 +K 2 HP0 4 +C0 2 +7 H 2 0. 

3x172=516. Potassium Tricalcium Potassium 
Dicalcic phosphate, carbonate, phosphate, phosphate. 

(P 2 0 5 in solution=71). 

From this it follows that 1 grm. of dicalcic phosphate will leave in solution 0*1376 
grm. of P 2 0 6 from potassium phosphate produced when the reaction is complete. 

The above table also shows that 94 per cent, action took place according to the 
above relation in the cold on 90 hours’ shaking. It was therefore thought possible 
that the velocity of reaction will be quicker in a boiling solution and the reaction 
will be complete within a shorter space of time. 

To test this, 0*7408 grm. of dicalcic phosphate was boiled with 70 c.c. of 1 per 
cent. K 2 C0 3 solution for about ten minutes. Then, after separating the extract by 
filtration, the dissolved P 2 0 6 was determined as usual. The results are shown below. 

found in solution = 0*1014 grm. 

„ calculated „ = 0*1019 „ 


Difference— — 0*0005 
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Thus, the reaction between dicalcic phosphate and 1 per cent. KfJO z solution takes 
place according to the equation given above, whether in the cold or in a boiling solution. 

Evidently, the underlying principle of the action of 1 per cent. K 2 C0 3 solvent 
on calcareous soils seems to be that a reaction takes place with any dicalcic or such 
other phosphates present in the soils in the production of insoluble tricalcium or 
other phosphates* and of soluble potassium phosphate. The amount of P 2 0 5 found 
in the extract thus serves to be an approximate measure of the available phosphoric 
acid of calcareous soils. 

To find out the suitable ratio of soil to the solvent used in the extractions of P 2 0 5 , 
a definite amount of soil was extracted with varying proportions of the solvent. 
In this case, the soil mixtures were shaken for six hours only and then the whole 
allowed to stand overnight, after which the extracts were examined for the dissolved 
P 2 0 5 as usual. The results are shown in the following table. 

Table VIII. 


Showing the results o/P 2 0 5 extractions from Pusa soil with varying amounts of 
1 per cent. K 2 C0 3 solution. 


Ratio of grm. soil : c. e. solvent 

Grm. Pu&a soil 
actually 
taken 

o.e 1 per cent. 
K 2 CO-j solution 
actually 
added 

Per cent. Pj,0 5 
extracted 

1:5 

300 

1,500 

0-00186 

1 : 10 

150 

1,500 

0-00290 

1 : 15 

50 

730 

0-00255 


It is thus demonstrated that when the soil and the solvent were taken in the ratio 
of 1 : 10, the maximum amount of P 2 0 5 was extracted under the conditions of the 
experiment. This ratio was therefore taken as the suitable standard, and has since 
been adopted in all subsequent experiments. 

It was found by experience that slight variations of temperature did not material- 
ly affect the results obtained. 

t 

The following method for the estimation of available phosphoric add of calcareous 
soils is therefore recommended : — 

“ The soil is sampled by passing through a sieve of 2 mm. meshes after drying 
it in the air ; 100 grm. of it with a litre of 1 per cent. K 2 C0 3 solution, or a similar 
proportion of the soil and the solvent, should be shaken in the cold for 24 hours 
in end-over-end rotations in a mechanical shaker in a room which is not subjected 
to sudden changes of temperature. In the extract separated by suction, the P^O* is 
determined by the ammonium molybdate method.” 
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A precaution has, however, to be taken during the analysis that the K 2 C0 3 
remaining free in the extract should be first neutralized almost wholly with nitric 
acid and then with a little hydrochloric acid, as a result of which considerable amounts 
of potassium nitrate will be produced in the solution, which is an advantage in the 
granular precipitation of ammonium phosphomolybdate during subsequent opera- 
tions. Otherwise, if hydrochloric acid is used instead for neutralization in the 
be ginnin g, the excess of chloride produced will, as is well known, materially interfere 
with the estimation of P 2 0 5 by the molybdate method 1 . 

In ordeT to verify this method as well as to compare its advantages over the 
existing citric acid method, a large number of calcareous soils from Pusa experimental 
plots, of CaC0 3 content ranging from 30 to 40 per cent., was taken for examination, 
the cropping and manurial history of these soils being accurately known. 

The total P 3 0 5 content of these soils did not vary to a considerable extent and 
the figures for available P 2 0 5 determined by the citric acid method, which were 
almost uniformly lower than 0*0005 per cent., were rather erratic. On the other hand, 
the amounts extracted by 1 per cent. K 2 C0 3 solution, which gave a wider variation 
from about 0*002 to 0*005 per cent. P 2 0 5 , showed indication of being significantly 
related to the cultural history of the plots. The results obtained are given in the 
following table. * 

Table IX. 


Showing the comparable results of total P 2 0 5 by citric acid as well as potassium carbonate 
methods , of calcareous soils of known cropping and mat nrial history. 






Per cent, avail- 
able P 2 0 3 

i 

Ah 

r£» 

"a 

W 

o 

C* 

Pw 

Plot No* 

Description of 
plots 

Treatment 

! 

Per cent, 
total 
P s 0 5 

. B y 

citric acid 
method 

By 

potassium 

carbonate 

method 

g 

er 

o 

o 

W 

c 

’■£ 

a 

P5 

(8 

-M 

o 

> 

3 

5 

I B. 

Punjab Field 

No manure 

0*1082 

0-00029 

0*00227 

1 0-021 

8 B. 

* »» • 

Superphosphate . 

0-1051 

0*00029 

0 00290 


0*028 

7 B. 

9> 

k 2 so 4 

0*1033 

0*00022 

0*00233 


0*023 

9 B. 

9* 

„ Super . 

0*1031 

0*00019 

0*00328 


0*032 

19 D. 

" 

Green manure-f- 
Gypsum. 

0*0966 

0-00011 

0*00239 


0-025 

15 D. 

99 * 

„ -{-Mono calcic 
phosphate. 

0*0959 

0-00009 

0 00277 


0*029 


1 Hibbard, P. L. A study of the Pembeiton-Kilgore IVfctl <*d foi the dcteim maiion of pht sphoiio 
*cid. Indui, and Engine Chem. 9 5, Dec, 1913, 9£8. 
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Table IX — conoid. 






PEE CENT. AVAIL- 
ABLE P s 0 5 

*Q 

o 

W 

o 

3 

O 

CJ 

Plot No. 

Description of 
plots 

Treatment 

Per cent, 
total 

?A 

By 

citric acid 
method 

By 

potassium 

carbonate 

method 

o 

00 

O 

O 

M 

c 

c 

pc 

"o 

E-» 

! 

1 . 

Noitli Pangarbi 

No manure 

0*1023 

0*00000 

0*00309 

0 030 

3 . 

.Field. 

• • 

Superphosphate . 

0*1054 

0*00016 

0*00479 

0 045 

2 . 

* 

Gieen manuie . 

0 1023 

0 00006 

0*00271 

0 026 

4 . 

» * • 

„ + Super 

0*1021 

0 00006 

0*00391 

0 038 

1 . 

8 . 

Pot Culture House 
Field. 

!» • • 

No manure 
Superphosphate . 

0-1071 

0*1110 

0 00028 
0*00107 

0 00392 
0*00435 

0 035 
0*039 

7 . 

J> • i 

(NH 4 ) 2 S0 4 . 

0 0941 

0 00020 

0*00353 

0*038 

4 . 


„ + Super . 

0*1065 

0*00020 

0*00410 

0*039 

9 . 

» • • 

k 2 so 4 

0-0972 

0*00011 

0*00397 

0*041 

6 . 

3> * • 

„ -f Super . 

0*1111 

0*00095 

0-00536 

0*048 


In another case, a plot No. 30 B in the Punjab Field, which had received a dressing 
of super several years ago and none since, gave 0' 00378 per cent. P 2 0 6 by K a CO s 
extraction, the corresponding no manure plot No. 27 B giving only 0*00258 per cent, 
against 0*00043 per cent, and 0*00052 per cent, available P 2 0 5 respectively by the 
citric acid method from these plots. More recently, a supered plot in the Chhoania 
Field gave 0*00517 per cent. P 2 0 6 as against 0*00277 per cent. P a 0 5 by K s CO s extrac- 
tion for an unmanured plot in the same field. 

Thus, in practically all cases examined, the method of extracting with 1 per cent. 
K 2 C0 3 solvent has differentiated between manured and unmanured plots, and also 
between plots treated with phosphatic fertilizers and those treated with other 
fertilizers having no phosphates in them, whereas the citric acid method yields 
uneven and misleading values. 

In order to see whether this new method can differentiate between patches of 
soil carrying an uneven growth of a crop in the same field, an examination was made 
of calcareous soils taken from a field showing very irregular growth in the crop, 
samples being taken from good portions for comparison with samples from bad 
portions. The results are set forth in the following table. 
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Table X. 


Showing comparable results of total P 2 0 5 a nd available P 2 0 5 by citric acid as well as by 
potassium carbonate methods of calcareous soils from good and bad cropping . 


Description of plots 


Good cropping soil. No 1 
2 

3 

4 


99 99 

99 99 


Bad cropping soil. No 3 

99 >9 99 99 ^ 

>9 99 99 99 ^ 

99 99 99 99 ^ 



Pei cent, available Pj0 5 

Pei ec-nt. 



total 

■By 

citric acid 
method 

Bv 

*>A 

potassium 

caibonate 

method 

■RRM 

0-00038 

0-00340 


0-00017 

0-00290 


0-0001 G 

0*00328 

0-0979 

0-00010 

0*00334 

0-0981 

0-00038 

0-003 05 

0-30J4 

0-00032 

0-0024G 

0-0972 

0-00022 

0-00239 

0-0900 

0-00022 

0*00208 


Ci 


0-034 

0-029 

0-032 

0-034 

0-037 

0-025 

0-025 

0-022 


Tkus, in three cases out of four, the good soils yielded appreciably higher values 
than the bad soils when examined by the K 2 C0 3 extraction process, whereas with 
the citric acid method the reverse was the case. 

Moreover, the ratios — aC 2 ° 5 ^ ^ a k° ve two tables indicate 

that the K 2 C0 3 solvent extracts appreciable quantities of P 2 0 5 giving rise to no 
manipulative difficulties in their estimation which are very often met with in the pase 
of small amounts of P 2 0 5 extracted by the citric acid method,. It is also evident 
that the proportions of P 2 0 5 extracted with K 2 C0 3 solution are many times greater 
than those obtained with the Dyer’s method. As a matter of fact, the K 2 C0 3 solu- 
tion, being an alkaline solvent, extracts humus from soils, with which is associated 
a comparatively large amount of P 2 0 5 , whereas citric acid is incapable of doing so- 
It has already been shown to be the case in Part II (loc. cit .) that an alkaline solvent 
can extract humus and P 2 0 5 combined with it from soils 1 . Thus, the greater solvent 
power of K 2 C0 3 solution for soil phosphates is clearly demonstrated. 

Furthermore, preliminary experiments carried out by the author in this labora- 
tory 2 have shown that phosphorus in oxganic combination is more efficacious and 
easily available to plants than inorganic phosphorus in soils. Thus, it may perhaps 
be maintained that K 2 C0 3 solution, which extracts phosphorus both in organic and 


1 Table VII, Part II. 

* $ci. Kept., Agri. Res* ImU, Pusa t India, 1923*24, 24-25* 
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inorganic combinations in soils, is a very suitable solvent for estimating soil phos- 
phates, which will be available for the nutrition of plants. 

The conclusion thus emerges that the potassium carbonate method is capable 
of measuring the probable fertility of highly calcareous soils in their relation to 
available phosphoric acid. Moreover, it is a decided improvement on the existing 
citric acid method in that it has the following advantages over the latter. 

h The potassium carbonate method is capable of giving an indication of the 
probable fertility of calcareous soils in their relation to available phos- 
phoric acid, whereas the citric acid method altogether fails as a dis- 
criminating agent in such soils. 

2. The potassium carbonate solution is not materially affected by the presence 

of calcium carbonate. 

3. It extracts higher proportions of P 2 0 5 from calcareous soils in both organic 

and inorganic combinations, which are easily estimable by the ammo- 
nium molybdate method, whereas citric acid solution extracts in the 
majority of cases very small amounts of P a 0 5 giving rise to great 
manipulative difficulties in their estimation. 

4. The potassium carbonate extraction is not practically affected by the time 

of shaking, whereas in the citric acid method a reference to the experi- 
ments detailed in Part I ( loc . cit.) will show that the amount of P 2 0 5 
extracted is considerably depressed by a longer time of shaking. 

5. The reaction of the potassium carbonate solution with the soil phosphates 

follows a simpler course, being controlled by the law of mass action. 

Further investigation is in progress to see if this new method can be applied to 
other types of soils with similar advantage. * 

Summary anb Conclusions. 

1. Ammonium hydroxide, being affected by the presence of calcium carbonate, 
extracts very small quantities of P 2 0 6 from calcareous soils and cannot therefore be 
applied for measuring their fertility. Other alkalis are likely to behave in a similar 
way, and they were therefore not tried. 

2. A solution of ammonium carbonate, although not affected by the presence of 
calcium carbonate, extracts smaller proportions of P 2 0 5 from calcareous soils than 
do those of the other common alkali carbonates, even when strong solutions of 
approximately half -normal strengths are used. 

3. Of Na 2 C0 3 and K 2 C0 3 , the latter extracts more P*0 5J and was therefore 
selected for the investigation. 

4. It has been proved that 1 per cent. K 2 C0 s solution is capable of differentiating 
between manured and unmanured plots of known cropping and manorial history, 
and it thus gives an indication of the probable fertility of calcareous soils in their 
relation to available phosphoric acid. 
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5. An improved method has been recommended as a substitute for the existing 
Dyer’s method for the estimation of available phosphoric acid of a highly calcareous 
soil in that the soil should be extracted with a 1 per cent. K a CO s solution, the proposi- 
tion of the soil to solvent being as 1: 10, on being shaken for 24 hours at the ordinary 
laboratory temperature and then the dissolved P a 0 6 in the extract estimated by the 
ammonium molybdate method. 

On the other hand, the citric acid method altogether fails as a discriminating 
agent in such soils. 

6. The reaction between 1 per cent. K 2 C0 3 solution and the phosphates of calca- 
reous soils obeys the law of mass action. 

7. It has been established that the underlying principle of the action of 1 per cent. 
K a COj solution on calcareous soils is that (a) a reaction takes place with any dicalcic 
or such other phosphates present in the soils in the production of insoluble tricalcium 
or other phosphates, and of soluble potassium phosphate, and that (b) phosphorus 
in organic combination present in the humus of the soils is also dissolved. 

8. The potassium carbonate method is a reliable one, and it has several advantages 
over the existing Dyer’s citric acid method for estimating the available phosphoric 
acid when applied to highly calcareous soils. 

Experiments are in progress to see if this new method can be successfully applied 
to other types of soils. 
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DETERIORATION OF SUGARCANE DURING ITS STORAGE 

BY WINDROWING. 


BY 

PHANI BHUSAN SANYAL, M.Sc., 

Assistant to the Imperial Agricultural Chemist . 

(Received for publication on 27th June, 1925.) 

Part L Factors responsible for the deterioration of sugarcane windrowed 
in the field. Possibility of its successful storage in Bihar. 

The results of the experiments on windrowing sugarcane in the North-West 
Frontier Province carried out in 1917-18 and 1918-19 1 “ clearly show that cane can 
safely be stored for a certain period, after which a rapid deterioration sets in,” The 
factors responsible for this were supposed to be either biological and solely connected 
with the cane or to be seasonal ones. 

As in the two seasons mentioned above, the periods for which canes were preserved 
in good condition varied considerably, and in one particular season, 1918-19, the 
deterioration of canes set in at the same time whether they were windrowed early or 
late, it was suggested that the determining factor was a seasonal one. It was, 
however, observed that “ this factor, or factors, is not easy of determination unless 
observations are extended over a series of seasons.” 

It is, however, significant that in both the seasons the windrowed canes remained 
in good condition so long as no heavy rainfall was experienced, but immediately 
after a heavy shower of rain deterioration was noticeable in them. It was, therefore, 
observed that “ the incidence of heavy rainfall is (possibly) the factor which deter- 
mines the incidence of deterioration.” 

The enquiry of the factors responsible for the deterioration of windrowed cane 
was continued both in the field and in the laboratory at Pusa. Series of experiments 
were carried out and a method was successfully evolved for the storage of sugarcane 
in Bihar by eliminating the causes for its deterioration. 

It may not be out of place to mention here that windrowing is the term which 
• has been adopted by the sugar planters of Louisiana to describe their own method of 
preserving sugarcane from rapid deterioration after the leaves have been hilled by 
frost. 

1 Harri&on, W. H., and Sanyal, P. B. Effect (of windrowing sugarcane in N.-W. P. P.) on tie compo- 
sition of sugarcane. Mem . Dept Agri. India , Chem* Series, Vol. V, Ko. 10 (1920). 
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DETERIORATION OF WINDROWED SUGARCANE 


As practised at Peshawar and at Pusa, the operation consists of cutting the canes 
with kodali or belchi about 3 to 4 inches below the surface of the field and then laying 
them down unstripped in such a way that the stems of one set of canes are covered 
with the leaves of the tops of the other. The object of the whole operation is to 
cover the canes well with trash (cane leaves) which will prevent their rapid drying, 
A couple of dry nodes with roots at the bottom resist easy infection by fungus or 
bacteria' from the surroundings and retard evaporation of moisture from the out 
end. Experiments have shown that, if the cut is higher and there are facilities for 
loss of moisture by evaporation, the canes dry up rapidly and deteriorate. 

Effect of windrowing in the field and shade at Pusa on the composition 

of Sugarcane. 

An account of the experiments on windrowing of sugarcane carried out at Pusa 
during the three seasons 1920 to 1923 is given below. 

In 1920-21, two lots of sugarcane, variety Sathi 131, were windrow ed in the open, 
once in December and again in February, samples being drawn from them occasion- 
ally for analysis. There was no heavy rainfall during the monthb of December, 
January and February and the mean and maximum temperatures in shade did not 
exceed 19° C. and 27° C. respectively. 

The results of the analyses of canes from the first lot (Table I) show that, under 
the above condition of temperature and with practically no rainfall till the end of 
January, the canes remained in quite a good condition for bl days up to the begin- 
ning of February. A comparison of initial (18-12-20) and final (7-2-21) values show 
the sajme conclusions as were derived at Peshawar (1917-19), viz., the total solids 
present in juice increased with the simultaneous decrease in the average weight of a 
cane showing that the canes have dried up to some extent. Increase in the sucrose 
content and the purity of juice and the formation of no additional amount of glucose 
during the whole period show that the canes were preserved in perfectly good condition 
for SI dam * 



Sathi 131 winirowed at Pusa in December , 1920 • 
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DETERIORATION OF WINDROWED SUGAR (JANE 


The second lot of cane, windrowed on 10th February, showed a tendency towards 
deterioration from the very beginning (Table II). The rise in glucose per cent, in 
juice from l'Ol to 2-42 and the fall in the purity of juice from 87-94 to 80'06, as re- 
vealed from the analysis of 28th February, are indications of this deterioration which, 
in the absence of any rainfall, is perhaps to be attributed to the higher atmospheric 
temperature prevailing during the period, the maximum having risen to 32-3°C. and 
the rnean to 22° C. A slight increase in sucrose is evidently due to the concentration 
of the juice as a result of the drying up of the cane, the average weight of which fell 
from 3‘07 to 2-33 pounds. 

•Rriy and glucose continued to increase (in juice) slowly till the next fortnight 
(analysis of 16th March). There was 0-32" of rainfall in two days on the 8th and 
9th of March, and this amount had very little effect on the canes. The deterioration 
of the cane in the next fortnight (analysis of 2nd April) was, however, consider- 
able, the glucose figure rising to 6-42 and the purity of juice falling to 66-31 per cent. 

This is another instance of rapid deterioration of the windrowed cane without 
rainfall and probably this is due to the high atmospheric temperature, the maxi- 
mum having risen to 41-4° C. and the mean to 30- f° C. within the heap of cane, those 
recorded in shade in air being 34-2° C. and 27-7° C. respectively. 

The results of the season go to show that though it is possible, in the absence of 
any appreciable rainfall, to preserve canes by windrowing in the field at Pusa during 
the months of December and January, this is not so in the latter part of the 
season (February to April) when the canes in the field are exposed to high temperature 
of the sun in addition to occasional falls of rain. 

Experiments on the windrowing of sugarcane under Pusa conditions wore conti- 
nued next year (1921-22) with the Maneria cane (a thin cane). A crop from a tV th acre 
plot was windrowed in an open place on 23rd December, 192*; and again on 23rd 
January, 1922. Samples were drawn from them at intervals and analysed. Con- 
trary to the experience of the previous year, there were falls of rain and the canes in 
both these instances got wetted from the beginning. Their deterioration was im- 
mediately and definitely established as will be seen from the figures in Tables III 
and IV. 

Canes windrowed on 23rd December got wetted once on 24 th December and again 
on 10th January. The results clearly bring out their highly deteriorated condition, 
the sucrose per cent, falling from 13-09 to 8-74 and glucose rising from 0-95 to 5-47 
(Table III). The canes remained in almost the same deteriorated condition till 
10th January, in spite of further occasional rainfalls. Analysis on 2nd March, 
however, shows that the canes dried up rapidly owing to the higher atmospheric 
temperature during the last three weeks the average weight of a cane f«.ni»g from 
1-11 to 0-71 lb. This had not only the effect of concentrating the juice, the Brix 
in which rose from 18-86 to 20-23, but in the absence of any further rainfall during 
the period 1 ' is also probably responsible for the production of a much larger amount 
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of glucose (from 3-32 to 7*70 per cent.) or, in the other words, the enhanced deteriora- 
tion of the canes. 

Owing to the rainfall on the very day of windrowing and three times during the 
next fortnight the condition of the canes windrowed on 23rd January was found to be 
as bad as those windrowed in December from the very beginning (Table IV). This 
confirms the conclusion that rainfall immediately deteriorates t the windrowed canes . 
It may be noted here that the canes of the Maneria variety being thin, were more 
easily affected by a small amount of rainfall than was the case with the thick cane 
Sathi 131. 
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All the experimental results obtained both at Pusa and at Peshawar have led to 
the conclusion that the period for which sugarcane can safely be stored by windrowing 
is determined by the incidence of rain and of high temperature of the atmosphere. 
Experiments were next carried out in 1923 on the storage of sugarcane by windrowing 
it both in the field and in shade in order to bring out clearly the effect of climatic 
variations. 

A stand of cane Co. 213 from a ^-nd acre plot was lifted on 9th January, 1923, 
and divided into two portions. One portion was windrowed in the field, exposed 
to sun and rain, and the other was stored in shade on the same day. 

On 1st February, the cane from another plot of an equal area was treated similar- 
ly. Analyses were made of these canes at intervals and the results are set forth in 
Tables Y, VI, YII and VIII. Tables Y and VII also show the rainfall during the 
period of storage of sugarcane. 

A comparison of the results show that the canes stored under protection from rain 
and sun remained in excellent condition for more than a month, whereas those ex- 
posed to climatic variations rapidly deteriorated. 

This year’s work, therefore, confirms the conclusions arrived at in previous years 
and demonstrates the possibility of storing sugarcane in Bihar by wndrouing it in 
shade . 



Table V. 

Co. 213 windrowed in the field on 9th January, 1923. 
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Co* 213 mndrowed in the field on 1st February, 1923 , 
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DETERIORATION OF WINDROWED SUGARCANE 


Influence .of temperature on tee composition of sugarcane. 

It lias already been shown that rainfall is one of the factors responsible for the 
deterioration of windrowed sugarcane. During the investigation, instances, however, 
were met with where considerable deterioration of cane had taken place without 
any appreciable rainfall. It was also noticed that the deterioration of windrowed 
cane was more vigorous in the months of March and April when the atmospheric 
temperature at Pusa was much higher than that in December, January and February 
(Tables I and II). 

An enquiry was, therefore, undertaken to investigate how far the variation of 
temperature is responsible fox the deterioration of cane. 

With this object in view cane pieces, each consisting of one intemode and two 
nodes at the ends, the latter being sealed with paraffin, were kept at different tem- 
peratures in the laboratory. The composition of these canes was determined initially 
and samples were again examined after three days’ exposure to the following tempera- 
tures and the results stated in Table IX. 


Table IX. 


The effect of different temperatures on the composition of sugarcane . 


Date 

Temperature 

maintained 

Days ex- 
posed 

Per cent. 
Loss in 
weight 

Composition op juice 

Glucose 

ratio 

Brix 

Per cent. 
Sucrose 

Per cent. 
Glucose 

81-2-21 




Fresh cane 

0 

mm 

19*68 

17*82 

0*79 

4*41 

£4-2-21 




20°-24° 0. 

3 

1 

19*26 

17*91 

0*41 

2*81 

4-3-21 




Ditto 

; ii 


21*26 

17*79 

1*96 

11*01 

24-2-21 




27°-81° O. 

3 

n 

19*10 

17*82 

1*18 

6*79 

3-8-21 




Ditto 

11 

17*30 

21*31 

13*46 

6*76 

42*77 

24-2-21 




47°-51° 0. 

8 

16*9 

22*68 

19*60 

1*83 

9*88 

4-8-21 

• 

MM 

MM 

Ditto 

11 

•• 

•• 

*• 

** 

36*06 


o ^h e results show that cane pieces remained in fairly good condition at 20°~ 
C., while their deterioration was quite pronounced when they were exposed to 
27 -31 C. It is important also to note that the higher the temperature was above 
24° 0., to which the canes were exposed, the more vigorous was the loss of moisture 
in them and the more rapid was their deterioration. 

The experiment was repeated when the cane pieces were maintained for six 
days at about 20° CL, 25° CL, 30° C. and 40° 0. when the following results were ob- 
tained. 





Effect of different temperatures on the composition of sugarcane. 
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DETERIORATION OF WINDROWED SUGARCANE 


The above results conclusively prove that cane, when exposed to 25° C., begins 
to deteriorate rapidly. It thus follows that a temperature above 25° 0. is prejudicial 
to the storage of sugarcane . 

The above conclusion was confirmed by the condition of sugarcane windrowed 
in the field on 10th February, 1921 (Table II). The mean temperature in shade 
was 24*6° C. on 16th March, and it rose up to 304° C. on 2nd April. The condition 
of the canes was fairly good till 16th March when the mean temperature was below 
25° C., but it was much worse on 2nd April when the mean temperature was far 
above 25°C. 

It may here be mentioned that this factor could not affect the windrowed sugar- 
cane in our experiments at Peshawar during the seasons 1917-18 and 1918-19, as the 
mean temperatures in shade till the middle of March for those two years were less 
than 66° F. or 19° C. The normal maximum of Peshawar till the end of March 
(average of 33 years) was 75° F. or 23*9° C. 1 


Summary and conclusions. 

1. Rainfall is the principal factor in determining the period during which sugar- 
cane can be stored in good condition by windrowing in the field. 

2. A temperature above 25° C. is prejudicial to the storage of sugarcane. 

3. In the absence of any appreciable amount of rainfall, though it is possible to 
preserve sugarcane by windrowing in the field in Bihar during the months of Decem- 
ber and January, deterioration is apt to take place in the latter part of the season 
(February to April) when the temperature rises and there is a likelihood of occasional 
falls of rain. 

4. It is, however, possible to preserve sugarcane in good condition in Bihar for 
more than a month by storing it in shade by eleminating the influence of sun and rain. 


1 Brown, W. Robertson. Windrowing of Sugarcane in N.-W. F. P. Mem . Dept Aori. Inc!., Chem. , 
Ser. t Vol. Y, No. 10 <1920), p. 238. * 




Part II. Mechanism through which the inverting enzyme in winctrowed sugar* 
cane is brought into activity on rainfall and causes its deterioration. 

In conjunction with the investigation of the factors, rainfall and high atmospheric 
temperature, that have been found to be responsible for the deterioration of windrow- 
ed sugarcane, a study was made regarding the nature of the enzyme inducing deterio- 
ration of windrowed sugarcane on which rain falls and also of the way in which it 
acts. 


Deterioration of caste is a function of the enzyme present in it. 

That the deterioration of sugarcane takes place by the agents already present 
in cane such as the enzymes, and not by any extraneous bodies, such as bacteria 
from the air or the soil, has been established by the following experiments. 

(1) A portion of cane was split into two halves. One half was analysed fresh 
and the other half left covered with paraffin for 11 days and then analysed with the 
following results. 


Table XI. 

The effect of covering split cane with paraffin for 11 days on its composition m 




Composition op juice 

Bate 

Treatment 

Brix 

Per cent. 
Sucrose 

Per cent. 
Glucose 

23-32-19 . 

Fresh half ...... 

17*38 

12*11 

| 

3*11 

3-1-20 

Half covered with paraffin for 1 1 days 

14*44 

9*96 

i 

2 26 


Fall in the Brix and the sucrose per cent, in juice evidently shows the deteriora- 
tion of the cane. 

(2) A portion of cane was split as before and the two halves analysed, one half 
before and the other half after exposure to moist toluene vapour for 3 days. The 
results in Table XII show a positive deterioration of the cane left in toluene 
vapour. 


( H7 ) 
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DETERIORATION OF WINDROWED SUGARCANE 


Table XII. 


The effect of moist toluene vapour on the composition of sugarcane. 




Composition of juice 

Date 

Treatment 

Brix 

Per cent. 
Sucrose 

Per cent. 
Glucose 

19-12-19 . 

Fresh, half 

19*05 

15*14 

2*72 

22-12-19 . 

Hah exposed to toluene vapour for 3 days . 

1G 53 

12*69 

2 47 


He fact that the deterioration of cane took place when it was covered with 
paraffin or was exposed to the vapour of a strong antiseptic like toluene shows that 
the agents responsible for the action are present in the cane itself and do not enter 
into it from outside sources. 

It is significant that in both the cases the glucose figure did not show any increase 
though the sucrose decreased by more than two per cent. This is probably due to the 
consumption of the reducing sugars either by the cane tissue during their respiration 
under the influence of the oxid i z ing enzymes or by being used up for the develop- 
ment of new tissues during germination. 

Nature of the enzymes occurring in sugarcane. 

On an enzymic survey of the cane the following were detected : — 

(1) Oxidases were found in all parts of cane ; their concentration being the 

highest at the top portion and lowest at the bottom. 

(2) Invqriase was mostly detected in the nodes of mature cane and slightly 

in the top internodes. 

(3) Catalase was found in the juice. 

(4) Evidence of the presence of Gytase was also obtained in the nodes as the 

extract from the latter slightly disintegrated the potato slices* 


Laboratory demonstration of the effect of slow desiccation and subsequent 

WETTING OF SUGARCANE ON ITS COMPOSITION. 

It has been definitely shown in Part T that canes, on proper protection, can be 
preserved in excellent condition for a long time in dry atmosphere and that if they 
come in direct contact with water after desiccation, their immediate deterioration 
is the consequence. 
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Portions of cane, each, with an intemode and two nodes at the ends, open ends 
being sealed with paraffin to avoid rapid evaporation of moisture, were divided into 
three parts. The first part, after the separation of the nodes, was analysed fresh, 
and the other two parts were kept in a desiccator over sulphuric acid for some 
time* The second part was next analysed after exposure to dry atmosphere and the 
third part was dipped in water for a few hours and exposed to moist atmosphere 
overnight and analysed as the first and second parts. The experiment was re- 
peated and the results given below. 


Table XIII. 


Effect of slow desiccation , and wetting after desiccation , on the composition of sv gar cane. 





Pei cent 
loss of 

COMPOSITION OP 

JWOL 

Bate of analysis 

tieatment 

v tight 
from fresh 
weight 

Brix 

Pei cent 
Sucrose 

?U ( Ltlt 
Glucose 


10-2-20 . . . ; 

Fresh cane . 

.. 

19*93 

10*56 

1*25 

Experiment I •! 

( 8-3-20 . 

Cane after slow desicca- 
tion. for 27 days. 

12*12 ! 

21*03 

18*52 

0*80 

1 

.9-3-20 . 

Do. watted 

10*89 

20*02 

17*89 

0*77 


ri 6 -ll- 2 G. 

Fresh cano . 

•• 

14*51 

9-12 

3*94 

Experiment II ■« 

29-11-20 . 

Cano after slow desicca- 
tion for 18 days. 

11 6ft 

16*31 

12*69 

2*70 


1.30-11-20 . 

Do. wetted . 

7*81 

14 90 

10*27 

.5 61 


It is thus seen (1) that the enzyme activity, which causes the deterioration of 
cane, is effectively checked, but not destroyed, by the slow desiccation of the latter* 
During this period the cane loses a considerable amount of moisture. 

(2) That on wetting the cane for a short time after its desiccation, an appreciable 
amount of moisture quickly enters into it, causing an immediate deterioration. 

The part that water plays in inducing the enzymes to activity was next investi- 
gated. It has been shown that canes deteriorate by the action of enzymes present 
in them, and it has also been established that incidence of rain causes the deteriora- 
tion of windrowed cane. In the last experiment it was demonstrated that a small 
amount of water entered the somewhat dry cane and deteriorated it immediately* 
It is, therefore, essential to find out the exact locality at which water enters into win- 
drowed cane, and the following three experiments were carried out for the purpose. 

For each experiment, nine windrowed canes were divided into three lots of three 
canes in each* The first lot was crushed and analysed before the experiment. The 
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surfaces at the nodes of the second lot and those at the internodes of the third lot were 
covered ■with paraffin. Both the lots were wetted in water and their composition 
ascertained on the next day. From the increase in weight, the amount of water that 
entered into them was found out m the second and third experiments From the 
results of the experiments stated in Table XIV it will be clearly seen that water 
entered the windrowed canes almost wholly through the nodes and immediately 
deteriorated them 


Concentration op the enzyme invertase in different parts or fresh and 

WINDROWED OANE. 

Different parts of fresh mature sugarcane (Co. 213) were ground with sand in an 
iron mortar and the pulp squeezed through linen. 3 c.c. of the enzyme extract 
were added to 100 c. c. of sucrose solution and left with toluene for 24 hours. The 
glucose was estimated in the mixture before and after the experiment with the fol- 
lowing results (Table XV.) 



WETTING 
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Bo, Intemodes waxed and wetted for 16 hours 0*8S0 2*62 2*765 20*27 15*28 2*71 5.5O 
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Table XV. 


Concentration of the enzyme invertase in different parts of fresh mature cane. 


Pails ot cane 




(Uuur-c d m 

2 4 horns \\ it >1 3 c t 
]U1-C 

Ortloi of invcrlasc 
concentration 

Kodes of top }K»ition 

. 

, 


gini. 

0*042 

0) 

„ middle portion * 

• 

• 


0*025 

(8) 

„ bottom portion 

• 

• 


0*034 

(2) 

Intemodes of top portion 

* 

• 


0*022 

w 

„ middle portion . 

* 

- 


0*008 

(«> 

„ bottom portion . 

• 

• 


nil. 

(6) 


Invertase concentration is thus the highest at the top nodes and practically 
nil in the middle and bottom internodcs. The enzyme concentration in the bottom 
node is more than that in the middle but less than that in the top nodes. Some of 
the invertase appears to remain diffused in the top intornodes, and it is probably 
for this reason that we find the juice in this part to bo less sweet. 

Enzyme extracts were then prepared from the canes windrowed in the shade for 
about two months and tested for their invertase activity with the following 
results. 


Table XVI. 


Concentration of the enzyme invertase in the nodes of the different parts of windrowed cane . 

^odes from the paits of the windrow ed cane 

Glucose foimed in 

47 horns with 3 c. c 
juice 

Order of inveitasc 
concentration 

Top . • • * 

gun. 

0*142 

(2) 

Middle 

0*087 

(3) 

Bottom ........ 

0*410 

(1) 


In the bottom node, therefore, the invertase concentration was founl to be the 
highest in the case of windrowed canes. Next in order was in the top nodes and the 
concentration of the enzyme was the least in the middle nodes. 
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Translocation of the enzyme invertase from the nodes to the enternodes 

WITH THE PASSAGE OF WATER INTO THE WINDROWED CANES. 

The windrowed canes were very dry as was evident from the hollow pith. It 
appeared from the following experiment that, when any part of these canes came in 
contact with water, the latter was at once drawn to all other parts of the cane. 
Results of the analysis of the different parts of the windrowed cane before and after 
they came in contact with water revealed the manner in which the enzyme invertase 
diffused in them and caused their deterioration. Nine windrowed canes of almost 
the same size and weight were selected and treated as follows : — 

(1) Three of these were divided each into three parts. The three top, three 

middle and the three bottom portions so obtained were analysed at once. 

(2) Three canes were hung upside down with their tops dipping in 6" of water 

in a jar for a day. They were then divided into three portions (top, 
middle and bottom) and analysed. 

(3) Three canes were dipped vertically in water up to 6" height at the bottom 

for a day and then divided as in (1) and (2) and analysed. 

The results are set forth in Table XVII. 


Table XVII. 


Effect of quick passage of water in bringing about the translocation of the inverting 

enzyme in windrowed cane . 


Composition 

(1) 

(2) 

(S) 

Order of de- 
terioration 

Initial ana- 
lysis of win- 
drowed cane 

Analysis of win- 
drowed canes 
dipped inverted ► 
ly at the top in 
water for 

28 home 

Analysis of win- 
drow ed canes 
dipped at the bot- 
tom in water 
for 23 hours 

( Per cent, juice expressed 

55*81 

52*30 

51*78 


] Brix in juice .... 

18*68 

19*85 

18*52 

<2> 

Top portion < Per cent, sucrose in juice 

15*81 

14*88 

18*67 


I Per cent, glucose in juice 

0*99 

2*32 

2*45 


Purity of juice .... 

84*62 

75*49 

73*79 


f Per cent, juice expressed 

56*73 

54*50 

56*02 


i Brix in juice .... 

19*43 

20*13 

19*65 

< 3 > 

Middle po. tion < Per cent, sucrose in juice . « 

17*65 

17*81 

17*05 


[ Per cent, glucose in juice . . 

0*48 

0*93 

1*08 


b Purity of juiee .... 

90*8? 

88-50 

86-78 


f Per oent. juice expressed 

59*09 

56*13 

56*15 


1 Brix in juice 

20*21 

19*53 

< 'M V 


Bottom portion*! Per cent, sucrose in juice . . 

18*77 

15*54 



} Per cent, glucose in juice . . i 

0*32 

1*85 



b Purity of juice * . . . | 

92*87 

79*57 

! 78*19 

, 
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It will be seen from the above results that tlm middle portions, whether the eanes 
were dipped upside down with the tops in contact with water or they were dipped at 
the bottom in their natural position, were oniy slightly affected, while considerable 
deterioration took place in the top and bottom portions. Lt is very significant 
that the order of deterioration of the different parts of these canes is the same as 
that of the invertase concentrations as found in the nodes of those regions. 

It is, therefore, concluded that water, in its passage through the nodes of windrowed 
canes, causes the translocation of the enzymes invortaso into the adjoining 
internodes and brings about their deterioration locally. 

Effect of moisture in in ducing germination in cane. 

The investigation carried so far clearly shows that the vital processes continue 
in cane long after it is lifted from the field . 1 1 is very remarkable that on wetting the 
cane an inversion of sucrose takes place, but the production of glucose is not propor- 
tional to the sucrose which disappears (Tables XLII [Expt. l| and XIV Expts. II 
and ill]). This discrepancy is probably due, to some oxtont, to the destruction of 
glucose on oxidation, but is mainly caused, as the following experiment reveals, by 
the formation of rootlets as a result of the germination which is induced in the cane. 

Portions of cane each with an internodc and two nodes at the ends, the latter 
being sealed with paraffin after the destruction of the main bud, were exposed to mois- 
ture in a closed vessel. After eight days rootlets appeared round the nodes. The 
composition of the juice of the pith and rind was determined before and after the 
experiment and the results stated in the following table. 

Table XVIII. 


Effect of moisture on sugarcane . 


Composition of juice 

Pith 

Rind 

Remarks 

Initial 

Alter 8 days 
exposure to 
moisture 

Initial 

After 8 days 
exposure to 
moisture 

Brix 


10*24 

15*82 

17*24 


Rootlets appeared round 







tho nodes on exposure 

Per cent, sucrose , 

* 

15*00 

13*22 

14*52 


to moisture for 8 days. 

Per cent, glucose . 

* 

1*50 

1*42 

1*16 

1*47 



The results evidently show that moisture induced germination and that sugar 
disappeared due mainly to the formation of the rootlets. The effect of wetting the 
cane is, therefore, twofold, viz,, (1) to translocate the enzymes and (2) to induce 
germination in cane. 
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Spontaneous deterioration op windrowed sugarcane. 

Brown 1 observod from his experiments on windrowing of sugarcane that “ the 
loss of sucrose due to spontaneous inversion is very evident, and this we can attri- 
bute very largely to the diffusion of the inverting enzyme from the green tops to the 
stalk.” In his support, he found that canes windrowed without tops remained in 
better condition than those windrowed with tops on. 

The results obtained at Pusa from similar experiments, however, lead to a differ- 
ent conclusion as is obvious from the figures in the following table. 

Table XIX, 


Canewindrowed with and without tops in shade . 






COMPOSITION OF JUICE 

Rato of analyst 

Days win- 
diowed 

Description 

Per rent, 
juieo ex- 
pressed. 

Brix 

Per cent. 
Sucrose 

Percent. 

Glucose 

Purity 

1-2-23 

0 

Trash 

60* a 

18*50 

16-71 

0*61 

00*03 

17-2-23 . 

10 

Windrowed in shade with- 
out tops. 

:»o-os 

10*12 

] 5*58 

1*56 

81 -51 

17-2-23 . 

10 

Windrowed in shade with 
tops. 

62*34 

18*18 

HMMJ 

0*54 

88-23 


From the composition of the juice it is evident that the canes windrowed with- 
out tops deteriorated, while those left with tops on remained in excellent condition. 

It was shown in the foregoing experiments that the inverting enzymes do not 
travel from one end to the other parts of the cane to deteriorate them, but that those 
present in the nodes diffuse into the adjoining internodes and cause the deteriora- 
tion locally . It is possible that a rapid evaporation of moisture takes place through 
the cut end of the canes windrowed without tops and this causes the translocation 
of the inverting enzymes from nodes to internodes of the different parts of the canes 
and effect the deterioration of the latter. 

Summary and conclusions. 

1, The deterioration of sugarcane stored by windrowing is effected by the enzymes 
present in it. 

2. Enzyme activity can be efficiently checked and the cane preserved in good con- 
dition if it is kept well covered in a dry place so as to avoid rapid evaporation of 
moisture from the cane* 

JBrown, C. A. The chemistry of sugarcane and its products. Loninctmt Bull . No* 91 (1907), p. 18- 
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3. On rainfall, water enters the uninjured windrowed canes through the nodes 
where the invertase concentration is much more than that at the internodes. 

4. On the passage of water through the nodes the inverting enzymes are translo- 
cated into the internodes and cause the deterioration of the cane. 

5. Moisture induces germination in sugarcane. Much of the reducing sugar, 
that disappears when the windrowed canes undergo deterioration on wetting, goes 
to form the new tissue (roots) of the germinating plants. 

6. Spontaneous deterioration of windrowed cane is due to the rapid evaporation 
of moisture which possibly helps the diffusion of invertase from nodes to internodes 
of cane. 
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Introduction. 

In the year 1796, Dr. Dalton in order to study percolation and evaporation 
of water, thereby to investigate thoroughly the chemical and physical properties 
of soils, constructed a percolation gauge consisting of a cylinder three feet deep 
filled with soil and sunk in the ground to the level of its upper edge, arrangements 
being made lor collecting and measuring the water which passed through. According 
to this plant it is clear that soil forming the drain-gauge is more loose and open in 
texture than the natural consolidated soil of a field, thus admitting a freer perco- 
lation. The most extensive results obtained by the use of Dalton gauges are those by 
Dickinson and Evans, who started this work in 1836. 1 In the year 1851, Greaves 
constructed drain-gauges a little different from the above, consisting of square boxes 
of slates three feet in depth and three feet square. One of these was filled with sand 
and the other with a mixture of loam, gravel and sand, trodden in and turfed. The 
above drain-gauges were made to study percolation and evaporation and to illus- 
trate the influence of a crop on the two processes. 2 

At Grignon near Paris between the years 1891-97 Deherain 3 also conducted 
experiments on percolation in gauges, which consisted of cement tanks into which 
the excavated soil of the site had been refilled, the surface and sub-soil being placed 
in the tanks in their natural relative positions. 

In 1870, Lawes and Gilbert constructed the famous drain-gauges at Rothamstod, 
which differ from those of others in containing undisturbed soil. Along with the 
observations made upon the amounts of water percolated through and evaporatec 
from the soil, the composition of drainage waters was also studied particularly 
as regards the nitrate content. 4 * 5,0 


x Jour . Royal Agri. Boc. of Eng., 1845, p. 153. 
z Jour. Royal Agri > Boc. of Eng., 1881. p. 314. 

A Traife <fo Chimie Agritole , jjp. 584 — 99. 

A Jour. Royal Agri. Boc. Eng., 1881, pp. 311 — 850. 
* Jour . Agri. Bcience, 190(5, pp. 377 — 399. 

*Jour. Agri . Bcience, 1920, pp. 22- — 48. 
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From the same standpoint four gauges wore constructed in 19013 at the Cawn- 
pore Experiment Station, United Provinces, India. An account o£ their construc- 
tion and the records of drainage from 1903 to 1910 have been published by Leather 1 . 

On the present occasion, it is proposed to give in this paper the data obtained 
from the year 1910 to 1923 subsequent to the publication of the paper by Leather 
and to review the whole of the results, that have been obtained relating to the rain 
and drainage waters of Cawnpore. It will, however, be desirable first of all to give 
a short account of the gauges as the earlier papers on the subject are not always 
accessible. 

All these gauges are similar to those at Rothamsted and consist of blocks of 
ordinary agricultural land of the Doab 2 measuring 1-1 ,000 acre, which were isolated 
and walled in and have false bottom . inse led , eneath them ; two of these gauges 
are three feet deep and two are six feet deep. Below the false bottom, each gauge 
has an apparatus for collecting and measuring the drainage water, which percolates 
through. 

The nitrate content of the drainage waters was determined by the modified 
Schloesing’s method from the very beginning of the experiment to the year 1921 
by the Imperial Agricultural Chemist at Pusa and from the year 1922 onwards by 
the Agricultural Chemist to Government, United Provinces, Cawnpore, 


CHARAOTEB O E THE SEASONS. 

The general character of the seasons prevalent in. the United Provinces, where 
the drain-gauges of Cawnpore are located, has previously been described iu several 
publications by different investigators working from this as well as other 
standpoints ; but as this paper deals with the rainfall, percolation, evaporation, 
etc., it is necessary to give here a short account of it for the bettor understand- 
ing of the subject by those who are unacquainted with India and those to whom 
the previous papers may not be available. 

The agricultural year of these provinces is divided into three principal seasons, 
each of nearly four months duration. The rainy season begins from the end of June 
or beginning of July and ends in October when the winter sets in and lasts up to 
the month of MaTch, bringing in the hot and dry weather, which continues up to the 
end of June. The year bears only two principal crops, one the kharif (mon oon 
crop) and the other raibi (winter crop). The former starts and ends with the rainy 
season and the latter with the cold one. It is only in the rainy weather that the 
drainage really takes place as stated below. The average monthly rainfall is set 
out in Table I, from which it appears that out of about 34 inches of rain for the whole 
of the year nearly 32 inches of it falls between the months of June and October 


1 Mem. Dept . Aqri India, Chem, Sen, Vol. II, No. 2, pp. 03 — 140. 

* Do -two ; Ab * water, between the two riveis Ganges and Jamna. 
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which is the monsoon period of these provinces. Prom the end of October until 
the end of June the rainfall is restricted to showers only amounting to less than 
0*5 inch for each month, which at the most merely damps the surface of the soil ; 
consequently, drainage does not occur at the bottom of these gauges until the 
heavy rain of the monsoon sets in. Practically all the drainage of the year is, 
therefore, met with during the rainy period. Sometimes it rains very heavily 
amounting to 7 or 8 inches in 24 hours, when some of it runs off the land and 
affects the drainage accordingly. 


Description op the soil. 

The Cawnpore gauges are situated in the Gangetic alluvium consisting purely 
of very fine soil material with layers of nodular calcium carbonate (hanker)* The 
soil of these gauges has not been examined chemically and appears uniform to the 
sight with no distinct beds of sand or clay. A stratum, 4' to 1' in thickness, con- 
taining some hanker nodules lies obliquely through gauges Nos. I and II. It is 
thickest in gauge No. II extending from 3' 6" down to the base of the gauge. In 
gauge No. I, there is only a little between 5' to 6'. The two three-feet gauges contain 
practically no hanker . The fine material of these gauges possesses distinctly 
colloidal properties and water percolates through them with difficulty. This hanker 
does not seem to make the soil much less pervious to water. The permeability of 
the soil to water was determined by Leather. 1 

Prior to the construction of these gauges the land had been used for about 20 
years for field experiments and manured several times with farmyard manure and 
poudrette. 


I. Percolation and evaporation* 

The annual data of the amounts of rainfall, the amount of water which has passed 
through the gauges, cropped and uncropped, and by differences the amounts of 
evaporation are given in Table II. The average yearly amounts of water percolat- 
ing through six feet and three feet of bare soil are approximately one-third of the 
rainfall, and not half the rainfall as obtained from drain-gauges at Rothamsted 2 ; 
this difference being due to the difference in the length of percolating columns, the 
character of the soils, and the nature of the seasons. The three-feet gauge yield * 
on the average nearly one inch more drainage than the six-feet gauge. The average 
figures given by Leather 3 in “ Drain Gauge Records at Cawnpore (1903-1910) ” 
very nearly agree with those in this paper, and from records of 21 years (1903-1923) 
it can be inferred that out of the average annual rainfall at Cawnpore of about 32 


1 Mem. Dept. Agri. India, Ohem. Ser. s VoL IT, No. 2, p. 67, (1911). 

® Jour. Agri. /Science, Vol. I, Pfc. IV, p. 377. 

3 Mem . Dept . Agri. India, Ohem. Ser„ Vol. II, No. 2, j>. 75 (1911}. 
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to 34 inches, 10 to 12 inches percolates through the soil and the rest 
evaporates. 

On comparing the average figures obtained from fallow gauges at Oawnpore 
with those at Pusa 1 and at Rotliamsted, 2 > ;J as given in Table IJT, it is clearly 
seen that of the three places Rothamsted has got the least quantity of rainfall and 
the greatest amount of drainage water, at Pusa the reverse is the case. It is interest- 
ing, to note here that the place with the heaviest rainfall has got the least percola- 
tion figure and vice versa. This may be duo to differences in the characters of the 
soil, temperatures, humidity and other physical factors. 

Table II records the yearly amounts of drainage and evaporation from the year 
1910-11 to 1923-24. Before studying these figures the treatment which the soils 
of different gauges had undergone during these years, should first be considered. 
From the year 1908-09 to 1913-14, gauges Nos. I and IV were continually cropped. 
Cropping was continued on gauge No. 1 up to the year 1917-18, while it was dis- 
continued on gauge No. IV and in its place gauges Nos. II and II T were utilized for 
the purpose during the next four years as shown in Ttlble LV. 


Drainage from fallow gauges. 

Turning now to Table TI and considering the relation between the annual amounts 
of the rainfall and the drainage, it is generally found that the heavier is the rain the 
more is the drainage. Thus with 19*78 incites of rain, the drainage from fallow 
gauge No. II was 3*50 inches, with 25*70 inches of rain the drainage was 5*35 inches, 
with 33*91 inches 8*00 inches, with 42*47 inches 10*97 inches a nd with 58*41 inches 
23*88 inches. The same conclusion was arrived at by Miller 1 at Kotluunstod and 
was expressed as a rule that the high rainfall is coincident with a relatively high 
amount of drainage. 


Drainage from gauges of the same depth. 

From the year 1918 to 1924, all the gauges were kept fallow and no crops were 
grown on them. Working under similar conditions and with gauges of the same 
size, gauge No. I should have given the same drainage figures as gauge No. IT and 
gauge No. Ill as gauge No. TV, but actually they have not done so. 

Every year there has been some difference in the quantity of water draining 
through the gauges of the same size, sometimes one giving more drainage than the 
other and vice versa. Although this difference is not much and ranges from 0*4 


1 Mem. Dept. Agri. India, Chevi. Ser., Vol. II, No. 2, p. 75 (1911). 
* Jour. Agri. Science, Vol. I, Vt. IV, p. 877. 

8 Jour. Royal Agri. Soc. Eng., 18SJ, Vol. XVII, p. 277, 
tjour. Agri. Science, Vol. I, 1905-00, p, 881. 


H. N. BATHAM 


131 


io 1-7 inches still it is noticeable. This is partly due to the difference in the power 
of retention of the soil in the two gauges owing to slight difference in their composi- 
tion and also partly to evaporation. 


Drainage from gauges of different depths. 

To compare the drainage from gauges of different d < pths, gauges Nos. II and III 
are taken into consideration, because both of them remained almost always fallow 
from the year 1910 to 1924, except for two or three years as shown in Table IV. 
The three-feet gauge No. Ill has almost every year, except in the years 1913-14 
and 1916-17, given greater quantity of drainage water, ranging from 0*7 to 6 inches, 
than the six-feet gauge No. II due most probably to the shorter column of earth 
in the former through which the water has to percolate. In the year 19F -17, the 
three-feet gauge was under crop and has therefore given less drainage than the six- 
feet gauge. In the year 1913 also, No. Ill gauge has given less percolation than 
No. II. This shows that in addition to the length of the column of earth the e may 
be other factors, such as nature of the soil, character of the season, which may be 
exerting their influence upon the quantity of percolating water. Generally, the 
difference in percolations through gauges of various sizes remains below two inches 
when the rainfall is normal and confirms the findings of Leather 1 ; but it appears 
to increase up to six inches with the increase in the quantity of rainfall. 

The range of rainfall during the fourteen years from 1910-24 is seen to have been 
considerable from 11-45 inches to 58*41 inches. The twenty-one years of experi- 
ment has thus afforded examples of extreme rainfall and drought such as can be 
found only in much longer periods of observation. 

The year 1918-19 can be said to be one of drought, the rainfall amounting only 
11-45 inches and consequently there was no drainage at all. It was only on two 
days that the rain fell a little more than an inch, sufficient enough only to moisten 
the soil of the gauges. 

With this very large variation in the rainfall, we have a similar variation though 
not greater as shown at Ttothamsted 2 in the amount of water passing through the 
bare soil of the gauges as shown in Graph I. Leaving aside the drainage through 
the cropped soil, the quantity of water, expressed in percentages of the rainfall and 
percolating through the fallow gauges Nos. II and III, has varied from 17-69 to 41-88 
inches with the mean of 29-78, and 16*18 to 52*29 inches with the mean of 34-23 
respectively. Thus the variations in the quantities of water percolating through a 
three-feet * auge are greater than those through a six-fe t gauge. The ea* se of this 
variation in the amount of water percolating through the soil may be due partly 


1 Mem. Dept. Agri. India, Chem. fl&r,, Vol. II, No. 2, pp, 53=140 

tjovr. Royal AqrL floe. Enq., 1881, p. 315, 
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to the amount of evaporation from the snrface which has taken place at the same 
time, and which is also shown in Table II, and partly to retention by the soil. 



Gram I. Showing yearly variations in the rainfall and the drainago 
waters from gauges Nos II and III. 


Drainage from cropped cadges. 

Table V gives the am ual rainfall and drainage from the cropped gauges. As 
has already been stated, the drainage almost wholly takes place during the rainy 
season ; therefore the effect of a crop upon drainage can best be observed only by 
growing a hharif crop, and can be seen from the above table. * 

Comparing the drainage from a cropped land with that from a bare fallow it can 
be seen from Tables II and Y that cropping reduces the drainage considerably. This 
reduction varies within wide limits and when the year is a dry one like that of 1913-14 
and 1914-15, the drainage becomes almost nothing. 

Turning now to Table Y and keeping in mind that the heavier the rainfall the 
more the drainage it can be seen, though not so clearly, owing to good many factors 
coming into play, that when the crop is heavier the drainage is less and also evapora- 
tion is more as shown in Table YI. For instance, during the years 1911-12 and 
19J4-15, there was nearly, the same quantity of rainfall, i.e.„ about 26 inches and 
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accordingly the quantities of drainage waters from uncropped gauges was also nearly 
the same, i.e., about 6 inches. But such was not the case with cropped gauges ; 
there was a great difference in drainage waters and it varied inversely as the crops, 
namely, the heavier the crop the less the drainage. 

The average results of monthly percolation along with temperature are Bet out 
in Table VII and show that the rainfall and the drainage begin in June when the 
temperature is at its highest and the latter goes on increasing along with the former, 
which cools the temperature down. The maximum amount of drainage takes place 
in the months of August and ^September, when the temperature remains nearly 
constant. In the month of October there is a sudden decrease in the drainage 
water, which corresponds with the rainfall as well as the temperature and is brought 
to its minimum in November. During the remaining part of the year there is no 
drainage at all due to the very small quantities of rain, which fall at long intervals 
and are not sufficient to percolate through six or three feet of the soil. 

The monthly differences between the drainage of six-feet gauge No. II and that 
ot the three-feet gauge No. Ill both of which remained almost fallow throughout 
the experiment, and also between the drainage of six-feet gauge No. I and three- 
feet gauge No. IV which remained under crops for some years as shown in Table 


PERCENTAGE OF RAIN. AVERAGE I MJEARS 



@8*PH Mont lily rainfall and drainage through 0 feet and 3 feet gauges 
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YTI, are not so regular as found by Miller 1 at Rothamsted, wliere a regularity baa 
been marked. This can be clearly noticed from Graph II (u) and TI (b) (Miller’s). 



Ura?h No. TT (b) (WitJaKb).- Monthly rainfall and drainage thiough 
20" and CO" oC KoihatnsU'd soil 

Pom»nlaoc of rain. Avorogo 1 5 ywtrh. 

In both these graphs the drainage is calculated in percentage of rainfall. These 
monthly differences are difficult to account for and may be due to the variations in 
temperatures, pressure, viscosity, etc. 

Evaporation. 

In Table II are given the quantities of water evaporated annually from different 
gauges. They are expressed in inches as well as percentage of rainfall. Leather, 


* Jour, Agri . Science, Vol. X, 1 905 -Oh, p. 382. 
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when comparing the records of India with those of Rothamsted, says in his 
memoir* : — “ At the English station, the gauges have shown that the amount of 
percolation varies directly with the rainfall, whilst the amount, which evaporates, 
is approximately constant and varies only slightly with the rainfall, being rather 
greater in a wet year. Thus at Rothamsted with 1 1" rainfall, the drainage was 25", 
and evaporation 10" ; with a rainfall of 19*5", the drainage was 6" and the evapora- 
tion 1 3", The amount of water which evaporates per unit of time from a soil depends 
largely on whether the water has to travel a long or a short distance to the surface ; 
hence during wet weather, when the surface soil is moist, evaporation will necessarily 
be high. Of course this is only one of the determining factors, the character of the 
soil, and the atmospheric temperature and humidity being others ; but for any one 
place, that is. for the same soil, the amount, which evaporates, will be greater in wet 
than in dry weather.” 

The statement, “The amount which evaporates being 

rather greater in a wet year ” can only hold good when absolute amounts of water 
evaporated are referred to ; but if the quantity of water evaporated is considered 
in relation to the amount of rainfall, then it is found by a careful study of Leather’s 
figures as well as of Table II that when the rainfall is more, evaporation is consi- 
derably reduced. Thus from the figures quoted by Leather, it will be seen that 
when the rainfall is 19*5 inches, the evaporation is 13 inches; therefore when the 
rainfall is 41 inches, and if the relation between the rainfall and the evaporation is 
in direct proportion, the evaporation should be 27*3 inches (viz., 19-5 : 41 : 13 : 27*3). 
Instead of that, however, the actual figure of evaporation quoted by him is 1G inches. 
Therefore the amount of water which evaporates, does not increase with the increase 
of rainfall ; rather on the contrary, it is decreased. This is still more obvious when 
the figures of evaporation are calculated in terms of the percentage of rainfall. For 
instance, with the rainfall of 19*7 inches, the percentage of water evaporated from 
fallow gauge No. II is 82*31 per cent., with 33*91 inches, 74*64 per cent., with 47*31 
inches, 69*07 per cent., and with 58*41 inches, 59*12 per cent. The same is the case 
with evaporation from fallow gauge No. Ill with slight difference here and there. 
Graph No. Ill also illustrates this fact very clearly, namely, wetter the year the less 
is the evaporation. 

The difference in the evaporation from the fallow soils of gauges of different 
sizes is quite clear from the annual figures given in Table II, which shows that the 
evaporation has nearly every year been greater from the soil of the six-feet gauge 
than from the soil of the three-feet gauge. This 'excess of evaporation varies from 
0*5 to 6 inches, and confirms the results of Lawes, Gilbert and Warrington, 3 and 
is due to the capillary power of the soil which is capable of bringing water to the 
surface from a depth of six feet. 


1 Mew. Dept. Agri India , Ohem Ser., Vol. II, No. 2. p. 73, 193 1, 
* xf our. Royal Agri . Hoc. Eng , 1881, p, 278. 
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Graph 111 Ytarly rainfall and the* porrantago of wator evaporation from 
fj foot and 3 fool gauges 


The yearly rainfall and evaporation from cropped gauges Nos. I and IV are given 
in Table VI which clearly shows that the total evaporation from cropped gauges 
is always far higher than that from the fallow ones due to the combined effect of 
evaporation from the surface and transpiration through the plants. 

With regard to monthly^ rainfall and evaporation the average results set out in 
Table VIII indicate that the evaporation expressed as percentage of the rain is 
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greatest in the month of November, when the rainfall is at its minimum, and least 
in the month of September when the rainfall begins to decline. 


II. Composition of the Drainage. 

Amount of nitrate in the drainage waters. 

Of all the plant foods found in the soil and liable to be washed away, nitrogen 
is the most important and was determined in the drainage waters of Cawnpore 
gauges. The soluble forms in which nitrogen is found in the soil are (i) some forms 
of organic nitrogen, (ii) ammoniacal nitrogen, (iii) nitrous nitrogen, and (iv) nitric 
nitrogen. The first three forms are transitional products and as such cannot accu- 
mulate in the soil and, therefore, their determination in the drainage waters was 
not considered desirable. Besides, the determination of ammoniacal nitrogen in 
the drainage waters at Cawnpore was carried out in the very beginning of the experi- 
ment, but the quantity of ammonia found was negligibly small and therefore its 
estimation was discontinued. 

The nitric nitrogen, being the final product, accumulates in the soil. Its quantity, 
though small, is estimable in the drainage waters and was therefore con- 
tinually determined by the Scliloesing 5 - method. The yearly amounts of nitric 
nitrogen in drainage water obtained from Cawnpore gauges during the years 1910-23 
are expressed as parts per million of water and also as lb. per acre in Table IX. 


Bare fallow land. 

In a previous paper by Leather, 1 “ the quantity of nitrate in drainage waters 
from fallow gauges was shown to vary very largely with the season, having been 
over 100 lb. and even 200 lb.per acre in individual years of heavy rainfall at Cawn- 
pore ; whilst in years of small rainfall the amount of nitrate fell to very normal 
quantity the average yearly amounts of nitric nitrogen in drainage waters 
obtained at Cawnpore during the first seven years of the experiments (1903-09) 
were as shown below : — 


Gauge No. 
I 
II 

III 

IV 


lb. per acre 
. 62*10 

. 81-10 
. 44*80 

. 38-20 


From the perusal of the figures given in Table IX, it appears that the annual 
quantity of nitrate in drainage waters from fallow gauges does not vary so much as 
it was in the beginning of the exp riment. It has never gone above 64 lb. nor below 
II lb. per acre. The average annual quantities of nitric nitrogen in drainage waters 


1 Menu Dept. Agn. India, Chem. Ser., Vol II, No. 2 (1&13). 
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during the subsequent years (1910-24:) have also gone down and amount to L4*82 
lb. per acre from gauge No. 1, 3 1 07 ll>. from gauge No. II, 30*47 lb. from gauge 
No. Ill, and 1 7*72 lb. from gauge No. IV. 

The yearly amounts of nitrate washed out of the fallow soils during the period 
of experiment are still subject lo large fluctuations from year to year though not so 
much as noticed by Leather in the vory beginning of the experiments, partly owing 
to differences in the rainfall and partly to the distribution of the rains. These irre- 
gularities are much reduced by taking several years' averages, and the results 
are : — 


Average n Uric nitrogen in drainage wafers, lb. per acre. 


Period 

G foot 

Gauge No. 31 

3 foot 

Gauge No. Ill 

5 years average (1905-09) 


81*14 

47*70 

4 „ „ (19X0-13) 


35*73 

32*58 

5 „ „ (1919-24) 



21*27 

29*02 


During the first few years of the experiment the loss of nitrogen was very high 
being 81*U lb. per acre from six-feet gauge No. 11. During the last five years the 
losses amount to 24*27 and 29 02 lb. per acre from gauges Nos. il and JII respec- 
tively. Thus there appears a tendency for the nitrate content of drainage waters 
to fall off as the time goes on and may be due to the. gradual exhaustion of the 
uimianured soil of the gauges. In the above statement the years from 1011-19 are 
left out because gauges Nos. 11 and 111 wore under crops during the years 1914-18, 
while in the year 1918-19 there was no drainage at all due to scanty rainfall. 

This slow decline in the nitrate content of the drainage waters seems to corre- 
spond with the results obtained at Uothamsted by Russell and Richards, 1 and 
is made clearer when the quantity of nitrogen as nitrate washed out for every inch 
of rain at the two places is taken into consideration. 


Average amounts of nitrogen as nitrate washed out for every inch of rain at Rothamsted 

and Oawnpore . 


i 

! 

Years ! 

NiraouEK wisnien out 
PJERINUn OH* RUN 

LB. run A (JR 13 

Rothamsted 

Yo us 

Nitrouun wAsrnon o*;r 
PBRlNOri OP RAIN 

Lit. PKR A OR a 

Cawujmro 

1877-1888 

1888-1000 

1901-1012 

1913-1913 

20* Gauge 
1*21 

1*13 

0*85 

0*82 

GO* Gauge 
1*51 

1*09 

0*88 

0-72 

1903-1900 

1010-1913 

1919-192J 

Gauge 

1*5 

1*2 

0*82 

CV Gauge 
2*6 

1*1 

0-GG 


1 Jour, AqtU Science , Vol. X, 1920, 7 ). 27. 
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Thus it is seen that the quantity of nitrogen washed out by rain was very high 
n the beginning of the experiment at both the [daces, especially at Cawnpore. This 
fact will be explained later on. After that there has always been a decline, which 
is very gradual in the case of Rothamsted but not so in Cawnpore. 

Another fact noticed by Leather 1 was the very large amount of nitrate found 
in the water at Cawnpore as compared with that at Rothamsted. This was the 
case at least for some years after the beginning of the experiment, simply because 
pnor to the construction of gauges at Cawnpore, the land was regularly manured 
with the farmyard manure and the poudrotte, the nitrogen of which was being 
slowly and gradually converted into nitric acid. As long as the effect of those 
manures remained, the nitrogen content of the drainage waters was found to be 
very high ; but as soon as this influence was removed and the land returned to 
its normal condition the nitrogen contents of the waters were never found to be 
so high and appeared to approach nearly those obtained at Rothamsted, as can 
be seen from the averages of the last five years of the two places. 

The average (1919-24) losses of nitrogen from six-feet and three-feet Cawnpore 
gauges were 24*27 and 29*02 lb. per acre respectively ; while those (1910-14) from 
60" and 20" Rothamsted gauges were 23*94 and 24*48 lb, respectively. Thus the 
nitrogen content of the drainage waters of Cawnpore gauges, though approaching 
those of Rothamsted, are still found to be higher and are due to the higher tem- 
perature of the Indian soils where nitrification is more rapid and larger amounts 
of nitrates are found in drainage waters. 


Total amount of nitrogen removejd from the soil in gauges. 

The total amount of nitrogen in the drainage water from different gauges during 
the whole period of 21 years (1903-23) is as follows r — 

lb, per acre 


6 feet gaucre No. I .......... 042*08 

0 „ „ „ II 740*27 

3 „ „ „ III 744*92 

3 „ „ „ XV 4 57-5U 


Gauges Nos. II and III, which remained fallow for nearly the whole period, 
though differing in size, have on the whole given very similar results. Gauges 
Nos. 1 and IV remained under crops for a different number of years and therefore 
have given different figures and in either case less than those from the fallow ones. 

The close similarity between 746*27 lb. of nitrate washed out from the six-feet 
gauge and 744*27 lb. washed out from the three-feet gauge shows that the nitrate 
comes only from the surface layers and not at all from the lower depths. This 

J Mem. Dept, Agri . Indw, Okm. Ser* Vol* II, No. 2 (1911). 
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fact confirms the view of Russell and Richards/ who working on 20" and 60" gauges 
have stated that the lower 40 inches have contributed no nitrate to the drainage 
waters and thus there is no reason to go below the top nine inches for the source 
of nitrate. 

Comparing the losses of nitrate from the gauges of different depths the average 
figures given at the foot of Table IX and n X clearly show that the loss is generally 
more from the three-feet gauge than that from the six-feet gauge. The main reason 
for this difference may be due to the fact that the rain falling on the surface of the 
soil dissolves out its nitrate content. The solution thus formed starts on its down- 
ward movement where some of the solution is retained. The longer the distance, 
the more of the solution is retained and the quantity of nitrate passing out will 
accordingly be reduced. Although in the majority of years the quantity of nitrate 
passing out otf the deeper drain-gauges is less than that passing out of the shallow 
gauges ; still in some years a reverse phenomenon is observed to occur, which indi- 
cates that the distance is not the only factor which influences the quantity of nitrate 
in drainage waters but there are others too and they maybe the character of the 
season and the nature of the soil. 


Cropped land. 

Gauge No, I was continually under crops from the year 11)10 to 1918, while 
gauge No. IV was under crops from the year 1910 to 1916. Tho total quantities 
of nitric nitrogen lost in drainage waters from gauges Nos. f and TV during the above 
periods comes to 30*37 and 31*09 lb. per acre with the average of 3*79 and 5*18 
respectively. The corresponding fallow gauges Nos. Tf and III have during the 
same periods given the total losses of nitrogen amounting to 215*55 and 226*74 lb. 
per acre with averages of 26*94 and 37*79 respectively. On dividing 26*94 by 3*79 
and 37*79 by 5*18 the quotient in both cases comes bo 7*2 which clearly shows that 
the fallow land loses about 7 times more nitrogen than the cropped one. It will 
be an intere ting problem, therefore, to investigate whether in the light of the above 
data, it is more economical to keep the land under a crop than to leave it fallow 
during the rainy season and whether this statement will hold good for soils in general. 
The smaller amount of nitrate in the drainage from the cropped gauges may be 
accounted for by crop assimilation, by the fact that the drainage was probably 
insufficient to wash out the nitrate completely and by the activities of various 
micro-organisms present in the cropped land. 

The period when most nitrate leaves the gauges. 

From the record of nitrate content as set out in Table X, the period when the 
greater part of the nitrate passes out of each gauge can be easily determined. These 
monthly results show the amounts of nitrogen withdrawn from the soil in the different 


i Jour, Agri . Science, Vol. X, 1920, p. 36. 
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months of the year. The loss of nitrate begins in the month of Juno, followed by 
a fair and gradual rise in July and a rapid rise in the month of August when the 
maximum loss occurs. This is succeeded by a fall in September which continues 
till the month of November when the loss reaches its minimum. When considering 
the relation between the loss of nitric nitrogen and the rainfall it appears from the 
figures given in Table X that the loss of nitrogen from the gauges varies directly 
as the rainfall and the drainage. This is best shown in Graph IV. Therefore the 

u. 

p' 

u 

< 


or 

U J 



Graph IV. Showing the monthly rainfall and the loss of nitrogen from different 

gauges at Cawitpore 

heavier the rainfall the more is the drainage and the greater is the loss of nitrogen 
from the soil. The same fact is also noticeable from Table IX, which contains 
the annual amounts of rainfall, drainage and the loss of nitrogen. The yeax 1928-24 
is an exception to the above, because the rain fell so heavily on certain occasions 
that the soils of the gauges were flooded over, resulting in comparatively less drainage 
and consequently less loss of nitrate. 


o 
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Conclusions. 

From the data given above the following conclusions may be drawn : — 

(1) All the drainage of the year is practically met with during the rainy 

season, extending from June to October. During this period the 
rainfall amounts to 32 inches out of the yearly average of 3 1 inches. 
For the remaining months of the year the average comes to only 
0-5 inch of rain per month. 

(2) The relation between the rainfall and the drainage of any particular place 

appears to be that the heavier the rainfall the more is the drainage. 

(3) The difference in the quantities of water percolating through gauges of 

the same size always varies ; but it generally remains below two 
inches. The variations are greater in the case of three-feet gauges 
than in the case of six-feet ones. 

(4) Shallow gauges give greater quantities of drainage waters than the deeper 

ones. 

(5) Cropping reduces the drainage considerably and the heavier the crop 

the less the drainage and the more is the evaporation. 

(6) The maximum amount of drainage takes place in the months of August 

and September. 

(7) With the increase in rainfall, evaporation is decreased. This is more 

evident when the evaporation is calculated as percentage of rainfall. 

(8) Evaporation is always far higher from a cropped gauge than from a 

fallow one, due to the combined action of evaporation from the surface 
and transpiration through plants. 

(9) Evaporation is nearly always greater from a deeper gauge than from 

a shallow one. 

(10) The quantity of nitrate in drainage waters appears to fall off gradually 

as the time goes on. 

(11) The fallow gauges of different sizes give nearly the same quantities 

of nitrogen in their drainage waters. The nitrate, therefore, comes 
only from the surface soil and not from the lower depths. 

(12) Fallow gauges lose about 7 times more nitrogen in their drainage waters 

than the cropped ones. 

(13) The maximum loss of nitrate in drainage takes place in the month of 

August. 

(14) The heavier the rainfall, the more is the drainage and consequently 

greater is the loss of nitrogen. 
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Table I. 

Average monthly rainfall. 


Month 

Average of 

19 years ; 
1891-1919 

Average of 

14 years ; 
1910-1923 

Average of 

33 years ; 
1891-1924 







inches 

inches 

inches 

June 




- 

- 

2*90 

3*46 

3*18 

July 






10*04 

8-10 

9*07 

August . 






11*09 

11-49 

11*79 

September 






6*33 

7*47 

6*90 

October . 






1*28 

1*38 

1*33 

November 






0*22 

0*49 

0*35 

December 






0*36 

0*11 

0*23 

January . 






0*47 

0*48 

i 0 47 

February 






0*54 

044 

0*49 

March . 

• 





0*13 

0*29 

0*21 

April 

• 





0*20 

0 08 

0*14 

May 

• 




. 

0*30 

0*47 

0*38 


< 143 > 



Yearly amounts of drainage and evaporation through 6 feet and 3 feet gauges , 1910-1924:. 
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Total . 479-82 I 89-17 1 390*04 .. 141*77 I .. 1 338*05 I .. 156*20 .. 291*50 .. 139-24 .. 3t8 46 
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1906-1910 « . « 42-41 - { .. 1 10 44 12 60 




Table IV. 

Crop and their quantities grown on the soil of gauges Nos. I, II, III and IV during the period of experiments. 


146 


bRAiNAGE Waters at OAWNrokE 



Yearly amount of rainfaU and drainage from cropped gauges . 
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Table m 

Monthly amounts of drainage through 6 feet ahd 3 feet gauges and the temperature average of Id years. 
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Table Till. 

Monthly amounts of evaporation through 6 feet and 3 feel gauges and the temperature average of 14 years. 



March 













Average 34‘27 6 37 10 13 11*16 9*94 170*75 119-32 73*97 44*26 14*82 24-07 30*47 


















































Average monthly amounts of nitrogen as nitrates in drainage waters . 


152 



April . . ( o*OS 


tiprillj1926 


r 


Chemical Series 


Vol. VIII, No. 9 


n^moirs of the «** 
bepartment of flgriQuitiire 

in India 




Nutrients required for HilK Production 
with Indian Food-stuffs 

BY 

F. J. WflRTH, tt.Sc 

Physiological Chemist, Imperial bepartm^nt of Agriculture In India 

L.F1BH SINGH, L.flg., B.Sc (flfl.) 

Assistant Professor of Agriculture, Lyailpur 

AND 

S. n. HUSAIN, B.Sc 



AGRICULTURAL RESEARCH INSTITUTE, PUSA 


Calcutta; Government of India 
Central Publication Branch 
1926 


Government of India Publications are obtainable from the 
Government of India Central Publication Branch, 

8, Hastings Street, Calcutta, and from the 
following Agents : — 

EUROPE. 

Ojtiuh off TUB JIIGU COMMISSIONER FOR INJLMA, 

42, Gbqsvenor Gardens, LONDON, S.W. 1. 

And at all Booksellers. 

INDIA AND CEYLON. 

Provincial Book DepSts i 

Madias Office of the Superintendent, Government Press, Mount Rood, Madras, 

Bombat Office of the Sup n riutendont of Government Printing and Stationery, Poora. 

Sind Library attached to the Office of the Commissioner in Hind, Karachi. 

Bekgai, Office of the Bengal Secretariat Book Depot, Writers' Buildings, Room No. 1, Ground Floor, Calcutta, 
JiriTHD Provisoes or Aoba an© Ocrnc Office of the Superintendent of Uivorninent Press, United Provinces 
of Agra and Oudh, Allahabad. 

Punjab O ffice of the Suporinteudont, Government Printing, Punjab, Lahore. 

Buesia Office of the Superintendent, Government Printing, Burma, Rangoon. 

Cestbax. Provinces an© Beeab Office of the Central Provinces Secretariat, Nagpur. 

Assam Office of the Superintendent, Assam Secretariat Press. 

Bihab and Obissa ; — OUioo of the Sup jrimendent, Government Printing, Bihar and Orissa, P. 0. Gtdzarbairh 
Patna, * ° * 

Coobo Office of the Chief Coommiasionor of Coorg, Bangalore. 

Nome-West FnoNnER Pbovinob Office of the Managor, Govern nent Printing and Stationery, Peshawar. 


Thaokcr, Spink & Co., Calcutta and Simla, 

W. Newman <fe Co., Ltd., Calcutta. 

R. Cam bray a Co„ Calcutta. 

T. K. Laliirl A Oo., Calcutta. 

A he Indian School Supply DepGt, 309, Bow Bazar 
Street, Calcutta, and 220, Nawabpur, Dacca. 
Buttorworth & Co. (India), Ltd., Calcutta. 

1U1 M. C. Sarcar Bahadur A Sons, 90-2-A., Harrison 
Road, Calcutta. 

Tho Weldon Library, 17, Park Street, Calcutta, 
Standard Literature Company, Limited, Calcutta. 
Association Press, Calcutta. 

Ohukervortty, Qhatterjeo & Co., Ltd., 13, College 
Squaie, Calcutta. 

The Book Company, Calcutta. 

James Murray & Co., 1\ Go- eminent Place, 
Calcutta, (por Meteorological Publications 
only) 

Higginbotham A Co,, Madras. 

V. Kalyanarama Iyer A Co., Madras. 

P- R. Rama lyor A Co., Madras. 

Rochouse A Sons., Madras. 

> Publishers, George Town, 
Madras. * 

The Modern Store*, Salem, Madras. 

Bright A Co., Trivandrum. 

^eB^rover’s Resort, Talkad, Trivandrum, South 

a Bookseller, West Tower 

street, Madura. 

Thackor A Co., Ltd., Bombay. 

D. B. Taraporevala, Sons A Co., Bombay. 

•^dnuer Pandurang, Bombay. 

Ram Chand a Govlnd A Sons, Kalbadcvl, Bombay. 

X * a *A?S5SSM $ ( !? ,, » Bo ? £SeItols ’ i,r - ncess Street, 
Kalbadebi Road, Bombay. 

E ‘ I>hSw^ lKar & C ° * The B ’ arat B ' ok De P^, 
Proprietor, New Kitabkhana, Poona. 

lto ffiK5ft2M88f Supplyins Ag0Dcy> l5 ' 

"• and 

Managing Director, ( o-oporativo Bookstall Book- 
g cUeiB and Publishers, Poona City, 
rise Standard Bookstall, Karachi and Rawalpindi. 
J * 3K ^ n < ^ 011 ‘ , » 4y > JBL & X., Rdwardes Road, Rawal- 


The ■Kr«7 l W a ^ BoolE Depjfc Lahore, Lucknow, 
Nainltal, Mussoorle, Dalhousle, and Ambala 
nmummont. 

tCarsandas Nftnmdas A Hons, Surat. 

Mangaidas & sons, Book*' Wore and Publishers, 
Bhaga Taiao, Surat. * 

Mrs. Ralhabol Atmaram Sagoon. Kalbadevl Road. 

iuOmbfty • 

A. U. Wheeler A Oo., Allahabad, Calcutta and 
Iionib^y# 

N. B. Mathur, Supdt., Nazir Kanun Hind Press, 
Allahabad. * 

Tho North India Christian Tract and Book 
Society, IS, Clive Road, Allahabad. 

Ram Payai Agarwala, 1$4, Kafcra, Allahabad, 
Manager, Nowal Kishoro Press, Lucknow. 

Tho Upper India Publishing House, Ltd., 41, 
Aminabad Park, Lucknow. 

Munshi Socta Ram, Managing Proprietor, Indian 
Army Book Depot, Juht, Oawnporo. 

Rai Sahi b M. Gulab Singh A Sons, Mufld-1- Am Press. 
Lahore and Allahabad. 

Rama Krishna and Sons, Booksellers, AnarkaU, 
Lahore. 

Puri Brothers, Booksellers and Publishers, Kateheri 
Road, Lahore. 

The Tilak School Bookshop, Ichors. 

Mana|orof the Hn^orial Book Depot, «S, Chandtf y 

Oxford Book and* Stationery Co , Delhi. 

Supdt., AmoTican Baptist Mission press, Rai.gt on. 
Proprietor, Rangoon Times Press, Rangoon* 

The Modern Publishing House, Ltd., 80, pmr ro 
Street, Rangoon. * ' 

The International Buddhist Book Depot. Peat 
Box No. 971, Rangoon. 

Burma Book Club, Ld„ Rangoon, 

Manager, tho “ illtavada, " Nagpur. 

S. C. Talukdar, Proprietor, Students and Co., Cc och 
Bchar. 

Times of Ceylon Co., Ltd, 

Tho Manager, Ceylon Observer, Colombo. 

3 ho Manager, The rndian Book Shop, Benares my. 
% a ^ ak * Propnotor, Albert Library, 

Tho Siivilliputtur Co-operative Trading Union, Ltd*. 
SiiviUiputtur (Satur 3, 1, R.). 4 

BU1 ProvLce? Sq " Pakariya 8trec>t » UnTed 



NUTRIENTS REQUIRED FOR MILK PRODUCTION WITH 
INDIAN EOOD-S TUFFS. 

BY 

F. X WARTH, M.Sc., 

Physiological Chemist , Imperial Department of Agriculture in India , 

LABH SINGH, L.Ag., R.So. (Ag.), 

Assistant Professor of Agriculture , Ly allpur, 

S. M. HUSAIN, B.Sa 

(Received for publication on 22nd August, 19251 ) 

Object of the enquiry. 

The serious shortage of milk and its prohibitive price in most of the populous 
areas of India are facts which have lately become prominent in the public eye. The 
importance of the milk problem and the need for a more adequate supply are there- 
fore matters which we need not emphasize here. One of the factors on which eco- 
nomical milk production depends is the proper utilization of the available food- 
stuffs. This fact has been fully realized in Europe and America where experiments 
have been carried out on a large scale to procure accurate information. The diges- 
tibility of foods has been determined, the balancing of rations has been studied, the 
relative values of proteins have been examined, experiments extending over ten 
years have been made to ascertain the minimum amount of protein necessary, the 
food requirement in relation to the amount and quality of the milk has been mea- 
sured. Finally, from the results of these extensive enquiries, feeding standards 
have been prepared for practical, economical and adequate feeding of milk cattle. 

These results refer to foreign cattle fed on foreign food-stuffs. Our indigenous 
cattle, and the half-brods, which are serving a most useful purpose temporarily, are 
peculiar to this country. Some of our food-stuffs too, especially the roughages, 
differ very considerably from American foods in composition and quality. 

The following important question, therefore, presents itself. Can the feedirg 
standards developed in Europe and America be applied to our conditions without 
any change, or must we introduce modifications and if so how and to what extent ? 
The present enquiry was undertaken to obtain an answer to this question. 

( 15S ) 
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On the whole, American conditions approach ours most closely and therefore 
our comparisons should he nude with the American feeding standards. We have 
selected the data of Haecker 1 , Savage 2 and Echles 3 for this purpose. 


Experimental procedures. 

1. Eight freshly calved cross-bred cows of various ages and milking capacity 
were selected. Their rations were adjusted to supply the nutrients necessary for 
milk production using the Savage allowance of nutrients with somewhat more 
protein. This standard was chosen for the following reasons - 

(a) The protein allowance is higher than in the other standards. As protein 

foods are relatively cheap in most parts of India it is not necessary 
for us to reduce the protoin to a minimum. 

(b) When commencing the enquiry there was no in formal ion available regard- 

ing rile digestibility of our food-stubs. As a precaution, therefore, 
it appeared advisable to toed according lo a liberal standard. The 
ration was altered periodically lo correspond wilb the yield and 
quality of the milk. The cows were weighed every day. Their milk 
yields were recorded daily. An aliquot weekly milk sample of each 
cow was examined for fat and protein content. 

2. Rations. The cows were given H lb. fresh lucerne and silage and hay ad lib . 
as roughage. A weighed excess was provided and the quantities consumed were 
determined by weighing the residues. The roughages were fed twice a day. The 
daily consumption by individual cows was remarkably regular, though the propor- 
tions of silage and liay eaten differed somewhat lor the different animals. 

The concentrates used were wet brewery grains, groundnut cake and a mixture 
consisting of 7 parts wheat bran, 3 parts cotton seed meal and 5 parts grams husk. 
The adjustment of the ration to the milk yield was made by altering the amounts 
of cake and mixture. 

For calculating rations the digestion coefficients of Henry and Morrison 4 were 
used in all cases except for the protein of hay and silage. Lower coefficients were 
used for the protein of these roughages to ensure an ample supply. 

3. Digestion experiments. As the digestion coefficients used for calculating the 
rations refer to American food-stu ffs there was considerable uncertainty regarding 
the actual amounts of nutrients digested by our animals. To procure accurate 
information on this and other points two series of digestion experiments were carried 
out. The results of these experiments appear to be important and will be consi- 
dered in detail. 

1 Haecker, Minnesota Agri. Bxpt. Stn. Bull . No. 140. (1919.) 

1 Savage. New? York, OormUExpU Sin. Bull. No. $23. 

* Eekies. Missouri Agri. Expt. Sin. Bull. No 7, 

* Henry & Morrison. Feeds and Feeding* Madison, Wisconsin, 17th edition. 
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4. Time Table . The following time table of the daily routine will makt* the 
feeding procedures more clear. 

4-30 a.m. Hall of the daily concentrate ration fed {soaked overnight). 

4-45 a.m. to 6-15 a.m. Milking, recording and sampling. 

6-20 a.m. Weighing the cows. Exercise and watering in the yard. Stalls 
cleaned. 

8- 0 a.m. Cows tied. Hay fed. 

10- 30 a.m. Hay residues removed. Cows let out for watering. 

11- 0 a.m. Cows tied. Silage fed. 

2-30 p.m. Silage residues removed. Cows let out to water. 

2- 45 p.m. Cows tied. Half of the concentrate ration fed (soaked in the 

morning). Lucerne fed. 

3- 30 to 4-30 p.m. Milking, recording and sampling. 

4- 30 p.m. Hay fed. 

6-15 p.m. Hay residues removed. Cows let out for watering. 

6-30 p.m. Silage fed. 

9- 0 p.m. Silage residues removed. Cows let out. 

A bare paddock with a water trough was provided for the animals. In spite of this 
rigorous programme, which was found necessary for keeping an accurate record of 
the food consumption, the cows ate well and maintained a satisfactory milk flow 
throughout the experimental period of 154 days. 

Experimental results. 

1. Food consumption . To ascertain the amount of food consumed daily mois- 
ture determinations of the hay, silage, lucerne and brewery grains and all residues 
were made every day throughout the experimental period. Regular moisture 
determinations of composite samples of cake and mixture were also carried out. 
The consumption of moist food having been* determined simultaneously, the con- 
sumption of each ingredient expressed as dry matter was calculated from the mois- 
ture figures. In Table T of the Appendix is shown the weekly total consumption of 
each food-stuff expressed in lb. of dry matter. The splendid capacity of cow No. 1 
which consumed 35 lb. dry matter a day for a considerable period may be noted. 
Chemical analyses of all foods were made periodically on composite samples. The 
averages of the results are shown in Table II of the Appendix, The data contained 
in these two tables require no comment here. They will be used later fox com- 
puting the requirements for milk production. 

2. Live weights and Live weight increase . From the daily weighings the average 
live weight for each week was found. These figures are given in Table III of the 
Appendix. It will be noticed that every animal gained in weight during the feeding 
test. The ration therefore seems to have been liberal. It will appear from further 
evidence that most of the cows utilized this he&vy feed fairly economically. The 



156 


NUTRIENTS REQUIRED TOR MILK PRODUCTION 


significance of the live weight increases will he dealt with more fully later. The 
average live weight for the entire period lias been used for calculating the main- 
tenance requirement h of each cow to meet the llaeeker and Armsby standards 
respectively. The maintenance requirements are shown in Table IV of the Appendix, 

8. Milk yields. The milk and fat percentage for the experimental period are 
given in Table V of the Appendix. The average fat content, of each cow’s milk has 
been calculated from the total milk and the total fat produced during the entire 
experiment. 

d. Composition of milk , In all the American standards food is provided not 
only in accordance with the milk yield but also in proportion to the richness of the 
milk. Haeckor carried out a very large number of milk analyses from which a table 
of the average fat, protein, and sugar content of milk of different grades was pre- 
pared. This table has been used as the basis for the feeding standards of Haocker, 
Savage and Eckles. 

If wo rto to compare the productive capacities of our cows and our food-stufls 
with the corresponding American results, wo must first know whether the milk of 
our cross-brod cows is similar to the milk produced in America. Unfortunately, it 
wai beyond our means to carry out complete analyses, but we procured full data 
for fat and protein nitrogen and these are the 2 most variable constituents. 

The average nitrogen and fat content of the milk of each cow for tho entire 
period is shown in Chart No. 1, in which tho continuous line represents the averages 



Per cent, nitrogen. 
Chart 1. 


of Haecker’s results. This graph shows that cows 7 and 3 gave milk which was 
very nearly identical with Haecker’s average. Nos. 1, 2, d contained decidedly 
less nitrogen in proportion to their fat content, whilst Nos, 5, 6 and 8 contained 
distinctly more* The variations are no greater than those obtained by Ilaccker, 
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and they are evenly balanced on both sides of the line. Therefore we can conclude 
that our milk corresponds with JTaecker’s average in regard to the protein fat ratio. 

Chart No. 2 giving the weekly average fat and nitrogen for all the cows further 
confirms this conclusion. There is apparently some divergence from Haecker’s 



Per cent, nitrogen. 

Chart 2. 

line for milks low in fat, but this is mainly due to the fact that we have grouped 
together milks of different grade. The regular increase in fat throughout the 14 
consecutive woeks is noteworthy. 

Chart No. 3 shows the actual protoin fat ratios of the milk samples obtained 
during the two digestion experiments. Those figures will be referred to later. For 



«' - 46 " - 4-8 -50 -52 -54 - 5 $ 


Per cent, nitrogen. 

Chart 3. 

the present it may be noted that the line joining the two sets of figures for any one 
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cow is approximately parallel to Haccker’s curve, which shows that the normal 
fat increase accompanying advance in the lactation period is associate 1 with a 
proportional increase in protein. 

5. The digestion experiments and the requirements for milk production will bo 
dealt with separately in the two following sections. 


Digestion experiments. 

The digestion experiments were carried out at the commencement of the third 
month (13-8-24 to 26-8-24 for 14 days) and towards the end of the fifth month 
(14-10-24 to 23-10-24 for 10 days). An inspection of Table I Appendix shows that 
all the cows were consuming a maximum of dry matter during the first test. An 
appreciable reduction in the bulk of the ration had taken place when the second 
digestion experiment was commenced. The results of these two tests are contained 
in Table I. 


Table I. 


Digestion coefficients of the mitred ration. 


OowKo. 

Total 
organic 
matter 
consumed 
per day 

Eatlo of 
food, 1st 
and 2nd 
expts. 

Digestion Coboticibnib 

Nutritive 

KatiOs, 

(digested) 

food 

Protein 

Fibre 

Nitre gen 
free 
extract 

Carbo- 

hydrates 

Fat 

Organic 

matter 

1 

grm 

um 


61*7 

49-3 

00*0 

56-1 

72*5 

67*6 

5*392 


13583 


60*0 

51*2 

58-4 

55 7 

78*3 

57*5 

6*143 

2 

11728 

117*5 

60*3 ( 

49 2 

50*2 

40 8 

67*6 

61*8 

3*37f> 


8894 

100*0 

69-2 

57 0 

54-5 

55*5 

78*3 

56*9 

7*290 

8 

mm 

103*6 

60*0 

59 8 

59*7 

59*8 

72*9 

61*4 

5*138 


■SI 

100-0 

58-4 

57*8 

59*4 

58*8 

74*1 

50*6 j 

7*147 

4 

10961 

110*8 

60-6 

52-2 

54*4 

53*6 

72*2 

66*4 " j 

5*818 


9885 

100*0 

57*8 

51-8 

64*1 

53 2 

74*1 

54*7 

6*831 

5 

11296 

111*5 

60*1 

504 : 

64-5 

52 9 

eToTT ' 

61-6* 

5^483* 


10X34 

100*0 

54*5 

49*5 

51-2 ! 

5i 6 

71 0 

53 0 

7*102 

6 

10086 

119*6 

58*5 

54 7 

65-1 * 

55-0 

oST 

66 1 

6*045 


8442 

100*0 

56 6 

50 9 

66*3 

56 5 

69 4 

57*1 

8-218 

7 

12390 

108*6 

69 8 

53 3 

54*9 

5J8 

74 9 

56 1 

5*741 


11413 

100*0 

63*5 

53*4 

67-0 

56 0 

73*0 

57*0 

5*068 

8 

3 1082 

106*6 

61 6 

52*7 

54*4 

53 7 

74*0 

561 

?33cT 


10899 

100*0 

58-5 

54*8 

58*6 

67*2 

72*9 

58*1 

7*210 
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Digestion in relation to bulk and nutritive ratio of the ration. Armsby 1 has sum- 
marized the various factors which affect the digestibility of a ration. Two of these 
factors concern ns here, namely, (a) the bulk of the ration, ( b ) its nutritive ratio or 
the proportion of protein it contains. Armsby’s summary shows that digestibility 
increases as the bulk is reduced, and falls off as the proportion of protein is decreased. 
It will be noticed in our two tests that with a reduction in bulk, which should im- 
prove digestibility, there was a concurrent widening of the nutritive ratio which 
should reduce digestibility. The actual digestion percentages attained in our two 
tests are therefore the result of a balance between two opposing factors, one tending 
to increase, the other tending to decrease digestion. Taking the percentage diges- 
tion of organic matter as the best criterion of digestibility, it will be noticed that with 
the exception of cow No. 2 the digestions attained in the two tests are very similar. 
The divergences are all trifling and balance one another, three cows giving higher 
results in the first test, three in the second test, whilst No. 1 gives identical results 
in the two tests. From this it may be concluded that the opposing factors influenc- 
ing digestion were fairly well balanced in these two tests. This is an important 
conclusion. It shows that the average digestion found holds good for the range of 
bulk changes and alterations in nutritive ratio which occurred during the entire 
feeding test of 154 days. The averages may therefore be used with confidence for 
calculating the total digested nutrients. It is not possible to say what changes 
might have occurred in digestibility if either of these factors had been operative 
alone. As both the changes in bulk and in nutritive ratio were small it is not likely 
that either would have produced a marked effect, but the uniformity in the two sets 
of data is no doubt partly due to the balancing action of the two factors. The except 
tional case of cow No. 2 must be considered. We know from the results obtained 
with the other cows that the food-stuffs remained uniform in character and that 
the factors of bulk and nutritive ratio cannot account' for any appreciable change 
in digestibility. It must be concluded that this cow was not up to form during the 
first test and we do not know how long the depression lasted. Whilst the two factors 
above mentioned have not appreciably affected the digestion of organic matter, it 
should be observed that the nutritive ratio has exerted a distinct effect upon the 
digestion of protein and to a less extent on the digestion of fibre. The digestion of 
protein shows a distinct fall with widening nutritive ratio and the fibre is also 
generally slightly less perfectly digested. 

The digestive capacity of individual cows. The figures point to greater (inferences 
between individual cows than to any variations which Can be attributed to the 
factors discussed above. Cow No. 3 appears to have a better digestive capacity 
than any of the others. She obtained the highest figures for organic matter in both 
tests, namely, 61*4 per cent, and 59*6 per cent. Nos. 1, 6, 7 and 8 were slightly 
less efficient, and Nos. 4 and 5 were decidedly inferior. The remarkable parall- 
elism of the 2 tests constitutes a proof that the individual differences are real and 

- n <.-“ » ■■■ ■ * . i i ' WM ' 1 11 ’ > " " « 
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very appreciable. For reasons already given, cow No. 2 is excluded from this 
discussion. In dealing with the individual cows the bulb of the ration has to be 
considered from another point of view. A ration which suds a large cow may to 
too bulky for a smaller animal. The capacity of a cow depends partly uj on its 
size and partly upon the development of its digestive system. 

The following figures which are averages of the two digestion experiments are 
instructive in this connection : — 


Table II. 


Food consumption per 1,000 lb. live weight. 



( t*w 

No 1 

( OW 

No 2 

< ow 
No 3 

tow 

No 4 

( ow 

No 5 

( ow 
No 0 

( ow 

No 7 

(♦ w 

No 8 


lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

Average live weight .... 

017 

<u7 

805 

710 

7<W 

8.14 

015 

855 

Daily food consumption 

.11 11 

2 5 04 

20 11 

22 07 

21 01 

20 32 

20 20 

22 08 

Dally consumption per 1,000 ill. live 
weight. 

11 20 

20 28 

22 71 

•12 10 

20 50 

2! 48 

28 07 

27 Cl) 

Average digest Ion of organic matter 

57 on 

54 10 

00 5(1 

55 10 

5 1 80 

50 ( 0 

57 00 

5710 


Cow No. 3 consumed least food for its body weight and it also showed the lug) est 
digestion of organic matter. The high digestion in this oaso is almost certainly 
associated with a less voracious appetite. Cow No. 6 also haB a low consumption ; 
in this case, however, it is coupled with medium digestion. This cow would have 
been less efficient in digestion had she consumed 28 or 29 lb. per 1,000 lb. live weight. 
We may, therefore, expect low efficiency of production from her although the 
digestion she attained was fairly good. There is no correlation between con* 
sumption and digestion with the other cows- Probably the best rough measure 
of a govt’s efficiency for economical milk production is the food consumption 
capacity per 1,000 lb. live weight, especially if this is combined with satisfactory 
digestive power. By this standard cow No. 1 must be judged an extremely good 
animal, while the capacity of all the cows testod is good. 

Comparison of computed and actual digestion. The digestion coefficients contained 
in Henry and Morrison’s book are the fullest existing data available for the calcula- 
tion of rations. The computed digestion has been calculate d with the aid of these 
coefficients. It should be mentioned that digestion experiments carried out at 
Bangalore using bullocks showed that our oilcake was quite as well digested as 
Henry and Morrison s figures indicate, bran was very nearly as well digested. 
Of the roughages, the carbohydrates were quite satisfactorily digested, but the 
digestion coefficients found for the protein in our hay and silage were distinctly 
lower than Henry and Morrison’s data. Therefore for the protein in silage and 
hay our lower figures were used. All other coefficients for computing the diges- 
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tion were taken from Henry and Morrison and applied to our food-stuffs, making 
due allowance for the actual chemical composition of each food as fed during the 
digestion experiment. The coefficients used for this computation are given in Table 
VI-A Appendix* The accompanying table gives the actual and computed 
digestion coefficient of each ingredient for both experiments. 

Table III. 


Comparison of computed and actual digestion coefficients . 



Protein 

Fibre 

Nitrogen 

free 

extract 

Cabo- 

h^drates 

Fat 

Digested 

organic 

matter 



1st 

2nd 

1st 

2nd 

1st 

2nd 

1st 

2nd 

1st 

2nd 

1st 

2nd 



test 

test 

test 

test 

test 

test 

tC8t 

test 

test 

test 

test 

test 

X. Computed 


71-3 

71*2 

44*9 

47*0 

01*4 

60*5 

55*5 

55*5 

68*7 

68*0 

58*3 

58*1 

Actual . 


61*7 


49*1 

61-2 

60-0 

58*4 

56*1 

55*7 

72*5 

78*3 

57*0 

57*5 

Difference 



—11*2 

+4*2 

+4*2 

— 1*4 

—2*1 

+ 0*0 

+0*2 

+3*8 

+9*7 

—0*7 

—0*6 

2. Computed 


70 0 

69*4 

52*3 

62*6 

59*9 

58*7 

57*0 

56*4 

70*0 

69*7 

59*3 

58*3 

Actual 

* 

60*3 

69*2 

40*2 

67*0 

50*2 

54*5 

49*8 

55*5 

07*6 

73*3 

51*8 

56*9 

Difference 


— 9*7 

—10*2 

—3*1 

+4*4 

—9*7 

—4*2 

—7*2 

-0-9 

—2*4 

+3-6 

* — 7*5 

—1*4 

8. Computed 

* 

72*2 

70-2 

52*1 

51*1 

59*7 

60*1 

50 8 

56*6 

71*4 

68*9 

59*6 

58*7 

Actual 


06*0 

68*4 

59*8 

# 57*8 

59*7 

50*4 

59*8 

58*8 

72*9 

74-1 

61*4 

59*0 

Difference 


—0*2 

—11*8 

+7-7 

+ 6*7 

0*0 

—0*7 

+ 3*0 

+2*2 

+1*5 

+5*2 

+ 1*8 

+0*9 

4. Computed 


70*3 

60*6 

50*1 

50-7 

60*7 

60*0 

50-8 

56*5 

69*4 

68*3 

59*1 

68*5 

Actual 

♦ 

60*0 

87*8 

52*2 

51*8 

54*4 

54*1 

53*0 

53-2 

72*2 

74*1 

55*4 

54*7 

Difference 

* 

— 9*7 

—12*3 

+2*1 

+1*1 

— 6*3 

— 5*9 

—3*2 

— 3*3 

+2*8 

+ 5*8 

—3*7 

—8*8 

5. Computed 


60*6 

70*0 

50*6 

62*2 

60 6 

60-0 

56*8 

67-0 

78*4 

68*4 

59*1 

58*9 

* Actual 


60*1 

54*6 

50-4 

40-5 

54*5 

51*2 

52*9 

51*6 

69*3 

71*0 

54*6 

53*0 

Difference 


— 9-4 

—15*4 

—0*2 

— 2*7 

—6*1 

—8*8 

—3*9 

—5*4 

—4*1 

+2-6 

—4*5 

—5*9 

6. Computed 


68*6 

67*5 

61*2 

53*9 

60*1 

58*7 

56*7 

56*9 

68*2 

67*6 

58*7 

58*4 

Actual 


68*5 

66*6 

54*7 

56*9 

.55*1 

56*3 

55*0 

56*5 

68*9 

69*4 

56*1 

57*1 

Difference 


—10*0 

—10*9 

+3*6 

+3*0 

— 5*0 

— 2*4 

—1*7 

—0*4 

+0*7 

+1*9 

1 

—2*6 

— 1*3 

7. Computed 


07*4 

72*0 

49-2 

53*1 

61*1 

60*1 

56*7 

57-5 

68*0 

69*6 

58*8 

58*3 

Actual 


60*8 

63*6 

63*3 

53*4 

54*9 

57*6 

54*3 

56-0 

74*9 

78-0 

56*1 

57*9 

Difference 


—7*0 

—8*6 

+4*1 

+0*3 

—6*2 

—2*5 

— .4 

—1*5 

+6*9 

+ 8*4 j 

— 2*7 

—0*4 

8. Computed 


70*7 

09*6 

510 

50*9 

60*7 

59*8 

57*0 

56*4 

70*1 

68*2 

59*5 

58*4 

Actual * 


61*6 

5 >5 

52*7 

54*8 

54*4 

58*6 

53*7 

67*2 

74*0 

72*9 

56*1 

58*1 

Difference 


—9*1 

—11*0 

+1*7 

+3*9 

—6*3 

—1*2 

—3*3 

+0*8 

+3*9 

+4*7 

—3*4 

— 0*3 

Average . 

— 8*8 

—11*4 

+3*3 

+2*6 

—4*5 

—3*5 


—1*0 

+2*2 

+4*5 : 

CO 

— 1*6 

Average of all . 

—10*1 

+ 3*0 

— 4*0 

mm 

+3*3 

—1*9 


In calculating the average difference (last row of figures) the results of the first 
digestion experiment with cow No. 2 have been excluded for reasons given above. 
The figures show that the actual digest' on of fibre and fat wa,s consistently better 
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than the computed digestion. The figures for protein , total carbohydrates, and total 
organic matter are, however, more significant. The actual protein digestion was 
without exception decidedly lower than the calculated amount, although full allow- 
ance had been made in the computation for the actual protein content of the food, 
and for the lower digestion of the protein in hay and silage observed in simultaneous 
bullock tests. The average deficiency amounts to 10* 1 per cent., which is a very 
serious divergence. The digestion of total carbohydrates and total organic matter 
varied somewhat, but both were in almost all cases lower than the calculated amount, 
the average deficiency for all the tests being 1*5 per cent, and 1 *9 per cent, respect- 
ively. Diminished digestion of this kind is found with all heavily fed cattle. 
Munford 1 has shown the reduction of digestion which occurs when fattening cattle 
are heavily fed. Eckles 2 , and more recently, Perkins and Monroe 8 have shown 
the same falling off in digestion with dairy cows, when they arc put on heavy rations. 
Eckles went further and showed that the same cows when on a maintenance ration 
possessed abnormally good digestive power. The fact that wo obtained diminished 
digestion is therefore not significant. It merely corroborates general experience. 
The important point is to determine how our losses compare with the losses obtained 
by other workers. For this purpose Eckles 52 figures can be used. Comparing 
theoretical with actual digestion the following average differences in digestion 
coefficients were obtained by Eckles and by us. 


Table IV. 


Difference between actual and computed digestion < 



Dry 

matter 

Protein 

Fibre 

Nitrogen 

fro© 

extract 

Fat 

Eckles 

Bangalore 

—6*3 
— 1*9* 

— 8*9 
—10*3 

1 

! I ■ 

—3*7 
— 4*0 

7 

4*3*3 


Applying these figures to the digestion of a noimal ration the following results 
are obtained. 

Food ingredients in grm. 



Piutdu 

nbie 

Nitrogen 

tm 

eUracf 

Tat 

Orp&nk 

i»attrr 

Lose of 
organic 
mattei 

Cor oont . 

Ration 

Computed digestion . 

Bangalore actual 

Eckles actual .... 

3,500 

3,050 

000 

910 

%500 

3,575 

3, <>80 
3,449 

5,900 
.1,000 
i,0G3 
.1, 180 

JU0 

201 

2 15 
201 

33,240 

t,45(> 

( ,IH0 
5,970 

’£<17 

4bU 

\ t 
74 


1 Munford and others. Illinois Agri. Expl. St it . J Bull. No. 372 (1014). 

* Eckles. Missouri Agn. Evpt. Stn* Bull No. 7. 

* Perkins & Monroe, Ohio BwpU Spu Bull No, 376 (1924). 









WART1I, LABtt S1N0H AND HUSAIN 


163 


There is, Do doubt, from these figures that the actual digested nutrients 
and net energy of the ration in Eckles 5 experiments fell considerably 
below the anticipated computed amounts. Our results agree with his in the 
low values obtained for protein digestion, in which the greatest divergence 
from the computed amounts occurs. In other respects, especially in the 
significant figures for total organic matter, our results are much more favourable, 
and show that the net energy of the rations actually digested by our 
cows is not very seriously reduced below the computed amount. The real 
difference between our results and those of Eckles lies in the digestion of crude 
fibre. There are two possible explanations for the higher efficiency obtained 
by us. Firstly, it may be argued that the bulk of the rations fed to 
our animals was smaller. From what has been said above, this would ac- 
count for better digestion, but the argument does not hold in the case of cow 
No. 1, which was consuming the splendid total of 35 lb. of dry matter per day during 
the first digestion experiment. Nos. 7 and 8 were also consuming very heavy 
rations, and the digestion altaincd by these cows is up to or above our average, 
which has actually beeu lowered by seme of the cows consuming less food. It is 
therefore not possible' to account for our favourable results in this way. Secondly, 
the result may bo attributed to the fact that our lation provided a high proportion 
of protein which, as stated above, increases the digestibility of a ration and espe- 
cially the digestibility of fibre. In this connection, the results obtained recently 
by Perkins and Monroe are instructive for comjaii^on. With wide and narrow 
nutritive ratios respectively, the following differences between computed and actual 
digestion were obtained by Perkins and Monroe and by us. 

Table V. 


The effect of the nutritive ratio upon the difference between actual and computed 

digestion . 



Protein 

Fibre 

Net 

energy 

fat 

Organic 

matter 

Perkins arul Munroe — 








Wide nutritive ratio 1:9. 

* 

- 

• 

—7*0 | 

—7*7 

—3*2 

•• 

Narrow nutritive ratio 1:4 

• 

* 

* 

—4*0 

— 5*8 

—0*7 

•* 

Bangalore — 








Wide nutritive ratio 1 : 0*99 

* 

* 

• 

—11*4 

+ 2*0 

+8*5 

—1*0 

Narrow nutritive ratio 3 : 5*42 . 

• 

• 

• 

—8*8 


4 3*5 
* 

—2*2 
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With respect to protein and fibre our results run parallel with l’erk ins and 
Monroe, both being better with a narrow ratio, though absolutely our protein is 
worse digested, and our fibre is very much better digested. I’m nitiof.en-lm extract 
and organic matter our results aro different. We find a slightlj lower digestion 
with tho narrower ratio. The differences are small, however, and, ah Tarns they 
can be considered significant, they must be attriln ted to the fa< t that in our experi- 
ment two opposing factors were operating. It would set in that an altemtion in 
the nutritive ratio has more effect on the digestion of protein and fibre, whilst tho 
bulk of the ration especially influences the digestion of organic matter. The most 
important point in these figures is that our fibre digestion was superior to that 
obtained by Perkins and Monroe oven when their ration had a narrower nutritive 
ratio than any wo employed. Wo conclude from these results that our cows possess 
a d efini tely bettor digestive capacity for fibre, and consequently also for organic 
matter, and that the superiority is not eoinph toly accounted for by excess of protein 
in our rations. 

Nutrients and net energy required for milk production. 

To ascertain tho requirements for milk production tho following procedure is 
employed. In the first place tho total digested nutrients aro detei mined. From 
this total is deducted the amount roquirod for other purj oses, nnm< ly for mainte- 
nance and for ineroaso in live weight. The lalaneo left is the amount ivuiilablo 
for milk production. The calculation of total nutrients digested is based on flic total 
food consumption (Table I of the A [ pondix). Tho figures can 1 e <h alt wish in two 
ways. These are (a) by the use of our digestion data, in which case tho chom'cal 
analyses of Tablo II Appendix become applicable, or (b) by employing Henry and 
Morrison’s digo, tion coefficients and Armsby’s not energy values. '1 lie first process 
takes account of the chemical composition of tho food-stuffs actually < mployed and 
of the digestive capacity of each individual. Tho figures for actual digestion so ob- 
tained rests on two sets of digestion experiments which gave satisfactorily con- 
cordant rosultH. They must, therefore, bo considered reliable. 

The second process assumes that tho food-stuffs woro of average compos'tion 
and digestibility. It is true, we happesn to know in this particular instance, that tho 
digestibility of the protein in our hay and silago was somewhat lower than Henry 
and Morrison’s figuro, but this information is not always available. Then fore, 
until wo possess tablos of digestion coefficients of Indian food-stuffs, and wbilo wo 
have t o employ Amorican coefficients, we must uso them in th o way they aro intended 
to be used, introducing what corrections we can aftorwards. As two alternative 
methods are in common use for expressing tho nutritive values of foods, namely, in 
terms of total digested nutrients and as not energy, wo will give our results in 
both forms in the succeeding tables. It should be noted that the computed digested 
nutrients and net energy given in the accompanying tablo VI have been cal- 
culated by uding the American coefficients in tho normal manner. (Tho coefficients 
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employed are given in Table VI-B of Appendix.) The competed figures of Table V 
do not quite agree with the computed values of this table, because in the foimer 
due allowance was made for the lower digestibility of the hay and silage proteins. 
Further, Table Y refers only to the rations consumed during the digestion experi- 
ments, while Table VI gives the nutrients digested during the entire feeding test 
of 164 days. 


Table VI. 


Comparison of computed and actual digested mitiicnts. 



DIGESTED CRUDE 

Protein 

DlGEbTED ORGANIC 
MATTER 

Digested 

Nutrients 

Net energy 

lb. 

Actual 
&r per 
cent, of 
computed 

lb. 

Actual 
as per 
cent, of 
computed 

lb. 

Actual 
as per 
cent, of 
computed 

Therms 

Actual 
as per 
cent, of 
computed 

No. 1. Computed . 

540-1 


2700-6 


2967-9 


2625*7 


Actual 

Kill 

70-62 

2030-0 

95*27 

2803-0 

94*44 

2502*0 

95-20 

Difference . 

■Bi 


130-5 


164-9 


123*7 


No. 2. Computed . 

400-0 




2355-5 


2090-0 


Ad uni 

205-8 

72-70 

1070-3 

89-45 

2084-1 

88-48 

1870-0 

89-47 

Plffotence . 

113*1 


232-3 


271-4 


220*0 


No. 3. Computed . 

308*5 


1000-6 


2035-1 


1805*9 


Actual 

270*0 

75-88 

1807-7 

98-27 

1971-5 

90-88 

1775*0 

98-29 

Pi (Terence . 

88-0 


32-0 


63-6 


30*9 


No. 4. Computed , 

405*3 


2107-8 


2259*5 


2002*2 


Actual 

300*1 

74-04 

1802*5 

89-78 

2010*1 

88-96 

1797-0 

89*75 

Plirercneo . 

105-2 


215-3 


249-4 


205 2 


No. 5. Computed . 

405-5 


2119-3 


2271-2 


2011-8 


Actual 

204*1 

72-53 

1862-2 


1975-2 

80*97 

1768-0 

87*88 

Piffoienc e . 

113-4 


257-1 


290*0 


243-8 


No. 6. Computed . 

337-0 


1888-7 


2017-1 


1774-2 


Actual 

240*1 

71-12 

1752-5 

02-79 

1845-2 

91-09 

1646*0 

92*77 

Difference . 

07-5 


136-2 


171-9 


128*2 


No. 7. Computed , 

456-0 


2411*8 


2584-2*" 


2286*3 


Actual 

354*2 

77-67 

2253-8 

93-45 

2390-6 

92*51 

2137*0 

98*40 

Pltfcieneo . 

101*8 


158*0 


193-7 


149*3 


No. 8. Computed . 

418-8 


2202-8 


2859-1 


2090*8 


Actual 

314*8 

75*17 

2050-0 

93-12 

2177-8 

92*31 

1951*0 

93-31 

Difference . 

104*0 


146-8 


181*3 


139*8 


Awrag* . 


74-5 


92-3 

| 91-5 


92*5 


Note — T 6 American cooiUeieufca used for determining computed digested nutrient* and net energy are given in 
Table VI-B Appendix* 



































































16(5 nutrients required eor milic production 

Looking first at the figures for digested protein, it will bo seen that there is in 
every case a considerable discrepancy between the computed and actual amounts 
digested, which when shown as a percentage is remarkably uniform, the amount 
actually digested being about 75 per cent, of the computed quantity. Part of this 
difference can be accounted for by the fact that the hay and silage used do not 
provide an average amount of digestible protein but this accounts only for about 
30 lb. The remaining deficit is undoubtedly due to lowering of digestive capacity 
brought about by heavy feeding— a point which has already been referred to. It 
may be noted here that in the digestion experiment data of Table III, in which 
the low digestibility of protein from the hay and silago was allowed for, the actual 
digestion was found to be 10 per cent, below the computed quantity. 

In the case of digested organic matter, total nutrients, and net energy there is a 
much greater range of variation between the computed and actual values. This 
is due to the observed differences in the digestive capacities of the individual cows. 
The computed figures arc calculated on the assumption that all the cows have the 
same average digestive capacity, whilst the actual figures take account of individual 
differences. For practical feeding purposes it must be admitted that differences 
in digestive capacity cannot be considered, although the figures in this tablo show 
that they may be appreciable. The average results arc, however, of very great 
practical importance. They show that our cows actually obtained 91*5 per cent, 
of the computed nutrients and 92-5 per cent, of the computed net energy. These 
figures can be compared directly with EckW figures in Item arch Bulletin Ho. 7 
on Nutrients required for milk production, Ecklos determined the actual digestion 
effected by 8 cows fed on a heavy ration, and found in every case that the actual 
digestion was distinctly lower than the computed amount, lie then determined 
the computed and actual net energy of the food for each cow for the entire period. 
From his digestion data it is difficult to understand how it happens that the actual 
net energy consumed by two of the cows is greater than tho computed amount. 
(Compare Eckles’ Res. Bull . 7, Tables 27 and 28). There is no reference made 
to these remarkable figures in the text. For the remaining six cows the actual 
net eneTgy is lower than the computed amount, as was to be expected from the 
digestion data. The results for these six cows are very similar and give an average 
for the actual net energy which is 93* H per cent, of tho computed amount. Our 
average of 92*5 per cent., seeing that it is obtained with a relatively poor hay in the 
ration, constitutes a remarkably good performance and shows that tho cows tested 
by us possess excellent digestive powers. 

To arrive at figures for milk production requirements we have now to deduct 
from the digested nutrients shown in Table VII the quantities used for maintenance 
and live weight increase. The estimation of the maintenance requirements in 
protein, nutrients, and net energy are based on the average live weight of each 
animal for the entire period. They are calculated from the standards given by 
Haecker and Armsby according to the surface law. The maintenance requirements 
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so obtained are given in Table IV in the Appendix. The significance of the live 
weight increases, shown in Table III Appendix, has to be considered next. It is 
possible to correlate these increases with food consumption in the following 
manner. If we deduct from the computed amount of food digested the amounts 
required for maintenance and for milk production we should obtain a positive 
balance to account for the increase in live weight. The maintenance requirements 
are contained in Table IV in the Appendix. For estimating the nutrients 
required for milk production, the averages of Haeckel’s (1) and Savage’s (2) figures 
have been used. These calculations lead to the following results. 

Table / VII. 


Computed nutrients and net energy available for live weight increase*. 


Cow 

no. 

COMPUTE^ JNUTRJLLNTS AVAILABLE BOR 
LIVE WEIGHT INCRBASB 

Actual 
increase 
in live 
weight 
lb. 

Order or 

LITE WEIGHT INCREASE 

Protein 

lb. 

Nutrients 

lb. 

1 

Net 1 

energy 
therms 

Actual 

According 
to computed 
nutrients 

According 
to computed 
net energy 

i . 


+106*8 

— 229-8 

— 1 67 8 

37-1 

6 

8 

8 

2 . 


+109*8 

+ 38*8 

+214*0 

30*3 

8 

3 

2 

3 . 


+ 98*8 

— 116*0 

+ 61*6 

42*7 

5 

7 

6 

4 . 


+104-0 

—68*0 

—65*0 

32*4 

7 

6 

7 

5 , 


+107*0 

— 31*1 

+ 100-5 

60*8 

2 

4 

4 

6 . 


+ 106-0 

+ 104-0 

+248*4 

77-5 

1 

2 

1 

7 . 


+ 103-0 

—43-0 

+ 76*9 

48*5 

4 

5 

5 

8 . 


*4-113-0 

+ 133-4 

+211*0 

57*0 

3 

1 

3 


According to these figures some of the cows should have lost weight. This result 
may be due to slight overestimates for the requirements for milk production, to 
slight underestimates of the available nutrients, or to both causes. In any case, 
the estimates for all the cows must err in the same direction and very nearly to the 
same extent. Therefore, the balances whether positive or negative should show the 
order of live weight increase. With the exception of cow No. 2, which will be ex- 
cluded for the present, the figures show a close agreement between the order of live 
weight increase and the balance of nutrients and net energy. We find that the 
three cows which gained most (Nos. 5, 6 and 8) did actually receive the greatest 
computed excess of nutrients and net energy, whilst Nos. 1, 3 and 4 which made 
smaller gains also received a lower margin of nutrients and net energy for the pur- 
pose. Cow No. 2, it must be admitted, is entirely out of place. A reference to the 
digestion data shows that there is doubt about her digestive capacity. It may have 
been very low for most of the time and hence the computed figures do not give a 
fair estimate in her case. On the whole, there is a distinct correlation between the 
observed live weight increases and the computed excess of nutrients fed. It is 
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probable that the three cows which made the highest gains did actually put on some 
flesh or fat. Judging from further tests which are in progress here, we believe that 
the live weight increases observed in the experiments under discussion were at least 
partly due to distension of the digestive tract through heavy feeding. In our cal- 
culations we have ignored the live weight increases, and, consequently, any nutrients 
used for this purpose are included in the food cost of milk production. The nu- 
trients available for milk production after making the necessary deduction for main- 
tenance (and ignoring changes in live weight) are shown in the accompanying table. 

Table VIII. 


Nutrients available for milk production . Comparison of computed and actual results - 



crude Protein 

Total nutrients 

NET ENERGY 

lb. 

Actual 
as per 
cent, of 
computed 

lb. 

Actual 
as per 
cent, of 
computed 

Therms 

Actual 
as per 
cent, of 
computed 

No. 1. Computed 






450-8 


1620-2 


1756-7 


Actual 






822-4 

71*58 

1655*3 

90-94 

1033-0 

92*96 

Difference 






128-4 


104*9 


123-7 


Ho. 2. Computed 






803-8 


1170‘B 


1103-3 


Actual 


. 




192-7 

63-53 

899*4 

76-82 

073-3 

81-56 

Difference 






111*1 


271*4 


220-0 


Ho, 8. Computed 






271*8 


900-0 


046-6 


Actual 






182-9 

67-20 

836*4 

92*98 

916-6 

96-84 

Difference 






88*9 


03*6 


29-9 


Ho. 4. Computed 






320 0 


1290*0 




Actual 






223 8 

C8-02 

1040*6 

80*67 

106*2-8 i 

83-82 

Difference 






103 2 


249*4 


205 2 


Ho. 5. Computed 






819*1 


1218-9 


1214-9 


Actual 






207*7 

65-09 

922-9 

75-71 

971-1 

70-93 

Difference 






111-4 


296*0 


248-8 


Ho. 6. Computed 






248*3 


941*0 


069-6 


Actual . 






150-8 

60*73 

| 769-1 

81*75 

881*8 

! 86*64 

Difference 






97*5 


171-9 


128*2 


Ho. 7. Computed 






357-4 




1415-6 


Actual 






255*6 

72-08 


86-49 

1266-3 

63-45 

Difference 






101*8 


198-7 


149-8 


Ho. 8. Computed 






326*8 


1361-4 


1259-7 


Actual 






222*8 

68-18 

1080-1 

79-39 

1119-9 

88-90 

Difference 






104*0 


281-3 


139-8 


Average , 


67*05 


83-09 


87-38 
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It will be noticed in this table that while the difference between the computed 
and actual quantities is exactly the same as in Table VI, the quantities them- 
selves have been reduced by the amounts required for maintenance. Hence the 
proportion which the actuals bear to the computed figures are much lower in this 
table than in the last, and the differences between the individual cows, which 
were relatively small in Table VI, are here greatly exaggerated. For instance, the 
actual protein in table VI varied between 72 and 76 per cent, of the computed, now 
it ranges from 62 to 72 per cent. The same holds good for the total nutrients and 
net energy. The alteration is naturally most marked with the cows which gave 
least milk, i.e in those cases in which the amount of nutrients available for milk 
production is low (No. 6) ; the alteration is least marked for those cows which 
consumed an excess of nutrients (Nos. 1 and 7) or possessed a high digestive power 
(No. 3). We have to conclude from tables VI and VIII that the computed values 
for digested and available protein are not reliable. The computed values for 
digested nutrients are not so far out, but when deductions are made for mainte- 
nance, the error is exaggerated and the figures become less reliable, this is especially 
the case when the milk yield is low. 

Nutrients required per lb. of milk. 

To compare the utilization of food for milk production the figures of Table VIII 
must be considered in conjunction with the amount of milk produced. The 
* efficiency with which food is utilized for this purpose is best expressed by the 
amounts of proteins, nutrients, and net energy utilized in the production of one 
lb. of milk. The calculation of these amounts is shewn in the Appendix 
Table VII. The results are summarized in the accompanying table, which also 
includes results obtained by other workers. 
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The American figures in this table have been obtained by computation exactly 
as our computed figures and are therefore comparable with them. Our actual 
figures cannot be compared with the American results. They are inserted here 
mainly to show the great difference between actual and computed requirements. 
The figures for actual requirements will be considered later. According to the 
computed figures, we fed very much more protein, and did not get an equivalent 
return in milk. It is true that our computed protein should be slightly reduced to 
make allowance for the difference between American and Indian food-stuff s (see 
digestion results), but this reduction would make only a trifling difference to our 
computed figures, which would still remain very much higher than the American 
figures. It is possible that our high protein ration resulted in greater milk secretion 
— the point has not been investigated — but it is quite clear that if there was an 
increase in milk yield it was not proportional to the excess of protein fed. It has 
already been stated that when compounding rations we purposely assumed low 
digestion co-efficients to avoid underfeeding. Computing with the ordinary diges- 
tion co-efficients, therefore, we find our cows received decidedly more protein than the 
Savage standard demands. This excess has to be paid for by milk production. 
Therefore, it happens that the most extravagant users of computed protein were 
the cows which gave low milk yields, whilst the high milkers were least extra- 
vagant. The following figures bring out these facts clearly. 


Table 5. 

Protein for milk 'production . 


Protein joe milk pro- 
duction 

Excess 

lb. 


REQUIRED PER LB. JUDE 

Difference 

Order of 
milk 
yield 

Total 

milk 

yield 

Computed 

lb. 

Required 
by Savage 
standard 
lb. 

Excess 
per cent. 

Our 

computed 

value 

Savage 

standard 

1 

2 

3 

4 

5 

6 

7 

8 

9 

450 

377 

73 

20 

*083 

*069 

•014 

1st 

5461 

304 

212 

92 

45 

•093 

•065 

•028 

6th 

3264 

272 

191 

81 

45 

•094 

•066 

•028 

7th 

2887 

329 

247 

82 

33 

•099 

*074 

•025 

5tb 

3332 

319 

282 

87 

35 

•092 

•067 

*025 

4th 

8464 

248 

157 

91 

60 

*101 

*064 

•037 

8th 

245ft 

957 

! 280 

77 

20 

1 *088 

*068 

•020 

2 nd 

4060 

327 

236 

91 

3S 

•087 

*063 

*024 

3rd 

9745 


The excess of computed protein over that required by the standard is much the 
same for all the cows, while the per cent, excess is very different. It will be observed 
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th at the difference between computed and Savage requirements (Column 7) does not 
run parallel with the per cent, excess shown in the 4th column but is proportional 
to the millr yield. The error is therefore mainly governed by the milk yield. Fur- 
ther evidence on the excess of protein fed to our cows is obtained by a study of the 
urinary nitrogen excretion, which was determined during the two digestion experi- 
ments. The results obtained are shown in the accompanying table. 

Table XI. 


Ratio of milk nitrogen f o urinary nitrogen. 


Cow No. 

Order of 
milk yield 

Test 

Average 
daily milk 
yield during 
tost 
lb. 

Average 
daily nitro- 
gen content 
of milk 
grm. 

Average 
daily nitro- 
gen excre- 
tion in urino 
grm. 

3Etatio of 
Milk N. to 
Urinary N. 

1 

1 

1st test . 

38*4 

78*87 

335*84 

1 : 1*723 



2nd test . 

303 

09-03 

117*50 

1 ; 1*688 

2 

6 

1st test . 

23-9 

49-33 

118*30 

1 : 2*398 



2nd test . 

15-3 

36-05 

94*54 

1 ; 2*698 

3 

7 

1st test . 

18-7 

42-02 

97*36 

1 i 2-317 



2nd test . 

13*0 

37*29 

303*90 

1 : 2*716 

4 

5 

1st test . 

24*1 

55*85 

107-20 

l : 1*821 



2nd test . 

17*7 

46*02 

82-30 

1 *. 1*788 

5 

4 

1st test . 

25*2 

58*06 

98*31 

1 : 1*676 



2nd test . 

17*7 

43*17 

74*05 

; 1 : 1*715 

6 

8 

1st test . 

17-3 

39*32 

88-10 

1 : 2*241 



2nd test . 

12-1 

29*45 

63-26 1 

1 : 2*148 

7 

2 

1st test , « 

29*1 

64*73 

106-96 

1 ; 1*652 



2nd test . 

24*0 

56*92 

100-40 

1 : 1*764 

8 

3 

1st test . 

27-0 

59*55 

103*06 

1 : 1*746 



2nd test . 

20*2 

48*35 

70*00 

1 : 1*634 


TheBe figures are not based on any computations. They represent the actual 
amounts of nitrogen contained in the milk and urine as determined in careful diges- 
tion experiments, and the evidence they provide is conclusive. The urinary nitro- 
gen is a direct measure of the amount of protein supplied in excess of that converted 
into milk protein. It is seen again, and more convincingly here, that the excess 
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of protein fed becomes most marked in tie case of the cows which gave a low milk 
yield* "The urinary nitrogen of the 3 low yielders, Nos. 2 , 3 and 6, is relatively very 
*great. With each of these cows the ratio Milk N. to Urinary N. is greater than 2. 
With the other cows, the ratio ranges between 1-6 and 1*8. These ratios have now 
to be compared with figures obtained by other workers. Haecker’s 1 results which 
were obtained with rations low in protein may be taken first. He found that with 
a computed digestion of 1*845 lb. protein the milk contained *793 lb. From Eckles’ 
actual digestion determinations we may conclude that Haecker’s computed digestion 
of 1*845 lb. corresponds to 1*580 lb. of actually digested protein. As *793 lb. of this 
is returned in the milk, *787 lb. must have been voided in the urine. That is to say, 
Haecker’s Ratio of Milk N. to Urinary N. obtained with a low but sufficient supply 
of protein is about 1*0. Figures from Eckles in Bulletin No. 4, University of Miss- 
ouri, give ratios below unity, namely, *84 and *80. Jordon and Jenter’s 2 figures 
during 3 periods, in which the protein supplied was first normal, then somewhat 
low, and finally normal again, yield the following ratios, 1*51 ; 1*20 ; 1*46. A com- 
parison of these ratios proves beyond doubt that our cows actually received a 
considerable excess of protein, a fact which we were led to believe from the computed 
figures. 

Turning now to the computed total nutrients used for milk production, w^e find 
that the Bangalore average is exactly equal to the average of Haecker’s figures, 
and somewhat lower than Savage’s figures. At the same time there is no doubt 
that the hay used by us was less digestible than the hay employed in the American 
experiments. The question, therefore, has to be asked how our cows attained their 
high efficiency. In this connection a recent statistical examination of the Savage 
standard by Meigs and Converse 3 is worth referring to. Tests carried out by these 
workers with an entire herd indicated that the Savage standard was just sufficient. 
Our cows have apparently produced milk at a lower cos*fi, namely, that of the Haecker 
standard. There are two possible explanations which we have to offer for this high 
efficiency. Firstly, it may be due to the higher proportion of proteins in the total 
digested nutrients. It seems a reasonable supposition that the nature of the digested 
nutrients must affect their value for milk production not only directly but also 
indirectly by their influence on the work of digestion. Our ration provided consider- 
ably more protein than the Haecker standard, and probably also distinctly more 
than the Savage standard. If extra protein in the total nutrients enhances their 
productive value, as it is also almost certain to increase the net energy value of a 
ration, then we have a possible explanation for the efficiency attained. Secondly, 
efficiency may be gained by better actual digestion, which means more actual 
nutrients for a given quantity of computed nutrients. The digestion experiments 
discussed above showed unmistakable evidence of better digestion on the pait ol 

1 Haecker. Minnesota Agri, Expt Stn. Bull. Ho. 140 (1019). 

4 Jordan & Jenter. New York Agri . JSxpt. Bin. Bull Ho. 182 (1897). 

8 Meigs & Converse. Jour . of Dairy Science, VoL 8, p. 177 (1925). 
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our cows. These digestion results help us now to account for the high efficiency 
observed in the utilization of computed nutrients. It is possible that both these 
factors, a high protein ration and a better digestive capacity contributed to our 
favourable result. In the utilization of computed net energy our average require- 
ment per lb. of milk was distinctly higher than Eckles’ figuae. But according to 
Meigs and Converse (loc. ciL) the Eckles standard of net energy for milk production 
is not quite sufficient for the maintenance of body weight. As our cows maintained 
their body weights, they should require according to Meigs and Converse somewhat 
more net energy than that allowed by Eckles. Therefore our figures, though they 
axe derived from a relatively small experiment, agree with the findings of the most 
recent investigation on this subject. 

Finally, the figures for actual protein, nutrients and net energy requirements 
for milk production have to be considered. The outstanding fact, which has already 
been emphasized by other workers, is that, owing to a diminution of digestion, the 
actual requirements of digested food are decidedly lower than the computed values. 
The differences are very considerable and it must be admitted that an improved 
procedure for computation is desirable. Such a procedure will only bo found after 
much experimental work has been done and, unitl we have this procedure, the actual 
requirement figures cannot be used for rationing. We must adhere to computed 
values. That the question of food requirement for milk production has not been 
cleared up by any means yet. is made evident by examining the data obtained for 
the actual net energy requirements for milk production. Figures for our 8 cows are 
contained in Table IX. Eckles gives figures for 8 cows in Bulletin No. 7, These two 
sets of figures are collected together in the accompanying table. 


Table XII. 

Actual ntf requirements of net energy per lb. milk produced . 


Oow No. 

Eckles 

Oow No. 

Bangalore 

Per cent, fat 
in milk 

i 

Not energy 
required per 
lb. milk 

Per cent, fat 
in milk 

Net eueigy 
required per 
lb. milk 

206 

3-40 

•235 

X 

4-49 

•299 

304 

3*86 

•233 

2 

3*95 

•298 

400 

3*89 

•243 

3 

4*11 

*318 

43 

4*88 

*364 

4 

5*28 

*319 

62 

5-31 

•276 

5 

4*25 

•280 

4 

5*60 

*342 

6 

3-89 

*280 

27 

5*51 

•332 

7 

429 

•312 

63 

6 00 

•442 

8 

3-71 

•299 


4 
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It is difficult to see the significance of these figures as they stand, hut when put 
in graphic form (Chart 4) their meaning becomes clear. The graph shows that the 

6-0 

4 5-0 

a 

I 4-0 

1 

5 3-0 

P-l 

•150 -200 -250 *300 -350 -400 

Therms net energy required per lb. of milk. 

Chart 4. 

net energy requirement per lb. of milk increases with the fat content of the milk. 
The continuous line on the graph represents approximately the average require- 
ment. Eckles in his bulletin came to this conclusion tentatively, but his figures 
were scarcely sufficient to enable him to construct a convincing graph. In the 
present graph it will be seen that our results fill up the gap in Eckles data, they am- 
plify his results, and corroborate them. It remains now to compare the net energy 
required per lb. milk with the energy content of the milk produced. The figures 
in the second column axe obtained from Chart 4 above. The figures of column 
3 are calculated from the average composition of milk of these grades. 

Table XIII. 

Net energy requirement compared with the energy content of mffk produced , 

Net ei ergy re quired pi r lb. 
milk 


*159 
•252 
•349 
•420 

Eckles showed that the net energy required for the production of average milk 
is actually less than the energy content of the milk produced. He concluded that 
the conception of net energy with respect to milk production requires investigation. 
Our data confirm these conclusions, and the 2 sets of figures, combined together, 
amplify one another to produce a satisfactory graph. 

i> 2 


Per cent, fat of milk 



Energy content pet lb 
milk. 
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Energy cost of fat production. 

Where milk is used for butter or ghi manufacture, the question of requirements 
for fat production becomes important. In the accompanying table ihe cows have 
been arranged in the order of the average fat content of their milk. The figures 
for fat percentage and total fat yield have been obtained from Table V in the Ap- 
pendix. 

Table XIV. 


Energy cost of milk fat production. 


Gow No. 

Per cent, 
fat in 
milk 

i Total fat 

Total energy 
of digested 
ration. 

Therms 

Total energy 
per lb. fat. 

Therms 

Available 

energy 

(Maintenance 

deducted). 

Thoms 

Available 
energy per 
lb. fat. 

Therms 

4 

5-28 

175*35 

1797 

10*25 

1062-8 

600 

1 

4*49 

245*83 

2602- 

10*18 

1638-0 

6-63 

7 

4*29 

165*73 

2137*0 

12*89 

1266-3 

7*64 

5 

4*25 

145*61 

1708 0 

12*13 

971*1 

6*67 

3 

4*11 ’ 

118*95 

1775*0 

14*92 

916*6 

7*71 

2 

3*95 

125*72 

1870 

14 87 

973'3 

7*74 

6 

3*89 

95*74 

1040 

17*19 

831*3 

8*08 

8 

3*71 

138*95 

1951 

14*04 

1119*9 

8*06 


The last column of table XIV shows that the utilization o! available food energy 
for butter fat production is very nearly proportional to the fat percentage in the 
milk. One pound of fat in rich milk is produced with less food energy expenditure 
than 1 lb. of fat in poorer milk. This result is due to the fact that milk rich in fat 
contains also proportionately more fat than protein and sugar. Therefore a greater 
proportion of the food goes to the production of fat. From the economic point of 
view we have to consider the total food energy expenditure and not the expendi- 
ture of available energy. 

Column 3 shows that the total food consumption per lb. of fat depends not only 
on the fat percentage but on the total daily fat yield. Column 3 is the real measure 
of economy in fat production. It shows that cow No. 1 is quite as efficient as No. 4, 
and No. 8 is better than No. 3. 

Summary. 

1. Two sets of digestion experiments, in which two factors affecting digestibility 
were operating, showed that the actual digestion of organic matter was very nearly 
uniform for each cow throughout the feeding trial. Appreciable differences 
between individual cows were noted. 
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2. A comparison of the computed digestion with the actual results obtained 
showed that the actual digestion of protein was decidedly less, of the fibre and fat 
distinctly more and of the organic matter slightly less than the computed amounts. 

3. Comparing the depressions of digestion obtained at Bangalore with the 
depression noted in American experiments it was found that our protein digestion 
was more depressed, while our organic matter digestion was less depressed. The 
latter is a favourable result, which can only be paitly accounted for by the high 
protein content of our ration. We are led to the conclusion that our cows possess 
a slightly better digestive capacity for organic matter, and the difference is 
mainly due to higher digestion of fibre. 

4. Computed requirements for milk production. Our average computed require- 
ment of digestible protein is *092 lb. per lb. of milk. Savage’s average is *067 lb. 
Our computed figure, however, is not strictly comparable with Savage’s, because 
(a) our roughages contain less than the average amount of digestible protein, (b) our 
cows digest slightly less protein, even when allowance is made for the low digestibility 
of our roughage. Therefore the excess of protein actually digested and utilized 
per lb. of milk is less than the difference between these two figures. That we fed a 
considerable excess of protein is shown by the Urinary N. to Milk N. ratios. Our 
average requirement of computed total nutrients is found to be equal to Baecker’s 
figure. From evidence adduced, this is seen to be a very economical use of total 
computed nutrients. The efficiency attained by our cows is attributed partly to 
the large proportion of protein in our total nutrients, and partly to the better diges- 
tion attained by our cows. 

5. The actual requirements for milk production are in every case much lower 
than the computed figures. There is at present no procedure for making computa- 
tions which agree closely with actual results. 

6. In applying existing digestion co-efficients to the computation of rations in 
India, we find that the results obtained are not strictly comparable with American 
data. For rations similar to those used by us (and these rations imply an abundance 
of protein foods), the American digestion co-efficients are applicable if an excess of 
protein is fed and total nutrients are provided according to the Haecker’s standard. 
At present it is impossible to say what the result would be with less protein than 
the amount used by us. 

7. The conception of net energy with respect to milk production requires further 
investigation. The data obtained by Eckles showed that the net energy required 
for the production of milk is less than the energy content of the milk produced. 
Our figures corroborate and amplify Eckles’ data. 

Acknowledgments. W e are greatly indebted and express our thanks to Mr, Smith 
Imperial Dairy Expert, for the facilities he afforded us in carrying out this enquiry 
The animals, the stalls and the foods were provided by him. We have also to thank 
the Physiological Chemist’s staff who carried out the numerous analyses* 
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APPENDIX, 
Table I. 


Total food consumption (dry matter in lb.). 


Cow 

ffo. 

Date 

Kay 

Ml mm 

1,U<*4‘] UP 

(iia)ti 
n i\tm<* 

dm umlaut 
( nk<* 

Bmwmy 

V) iin 

1 

From 28- VI-24 to 14-VU-24 . 

222-5 

156 2 

25-3 

221-0 

81*8 

74*7 


From 21-VI1-24 to 11 -VI 1 1-24 

218 4 

1 53 2 

32 0 

378 2 

70 0 

73*0 


From 18-VJH-24 to 8-IX-24 . 

214-1 

100*3 

31 0 

411 f 

60-8 

71*7 


From 1 &-IX-24 to O-X-24 

216-3 

201 0 

20 7 

335 3 

' 57 7 

76*4 


From 12-X-24 to 3-XT-24 

208 r» 

212-5 

32*3 

302 8 

50*2 

73*8 


Fio m 10-XI-24 to 17-X r-24 . 

110-0 

03 a 

15-3 

117-0 

27*8 

iHH 



1180*8 

1007-1 

166-2 * 

1803*2 

363-0 

405-0 

2 

From 23-V1-24 to 14-VU-24 , 

212-5 

212-0 

24 1 

1407 

75*4 

74*7 


From 2t»VII-24to n-VHl-24 

218-7 

217-8 

10-1 

121*5 

74*8 

73*0 


From 18-VUI-24 to 8-IX-24 . 

108-4 

272-0 

0-2 

147-4 

68 6 

71 *7 


From 15-1X-24 to O-X-24 

176*4 

273*5 

0*7 

130*0 

51*5 

75*4 


From 12-X-24 to 8-X1-24 

181*6 

252-8 

0-2 

70-0 

60*3 

73-8 


From 10-XI-24 to 17-X1-24 . 

112*0 

03-3 


37*0 

25*0 

30*4 





i l 

. . ~ 


— , . . . •. 



1004*0 

1322-0 

pH 

602*2 

345*6 

406-0 

s 

From 23-VJ-24 to 14- Vi 1-24 . 

168-3 

108-4 

BPM 

140*7 

71*8 

74*7 


From 21-VIC-24 to X1-VI1I-24 . 

104*6 

200-5 

20 0 

87*0 

03*8 

73*0 


From J8-VIU-24 to 8-IX-24 . 

100 5 

238-4 

31 5 

76*8 

65*0 

71*7 


From 15-1X-24 to G-X-24 

132-4 

147-11 

28 7 

88-2 

42*0 

75*4 


From 12-X-24 to 3-XI-24 

120-1 

209*8 

32 3 

100*0 

37*6 

W 


From 10-XI-24 to 17-XI-24 , 

08 4 

108*1 

15*3 

40 3 

19-8 

80*1 



sBo 3 

1072*5 

162-1 

551*0 

301 *4 

406*0 



— — — - 

— - 

... 




4 

From 23-VI-24 to 1 t-VIl 24 . 

122*0 

180*0 

25 3 

1 10-7 

75*4 

74** 


From 2L-Vri-24 to 11-VI1I-24 . 

147*3 

225*1 

32 0 

151*5 

60 5 

73*0 


From 18-VIIF-24 to 8-1X-24 , 

150*0 

250*7 

31 5 

153-5 

62*4 

7 1*7 


From 15-1X-24 to O-X-24 

149-7 

240*5 

29-7 

124 4 

02*7 

75*4 


From 12-X-24 to 3-XI-24 

338-7 

244-2 

32-8 

123*2 

38*5 

73*8 


From 10-XI-24 to 17-XI-24 . 

69 3 

112*5 

15 3 


18*8 

36*4 


BP" - - - -w - 

Ks 

I 1268*3 

r 

166-1 

763*0 

324*3 

403*0 
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Table I — ooncld. 

Total food consumption (dry matter in lb.)— coacld. 


Date 

Hay 

From 23- V 1-24 to 14-V1 1-24 . 

122 0 

From 23 -VI 1-24 to U-V1II-24 

l 35*5 

Fiom 18-VI1T-24 to 8-TX-24 . 

154-5 

From 1 5-XX-24 to O-X-24 

1 35-3 

From 12-X-24 to 3-XI-24 

130*5 

Fro m lO-Xt-24 to 3 7-XL-24 . 

80 1) 


700*7 

From 23- VI-24 to 1 4-V1I-24 , 

in*o 

From 21-YII-24 to U-VIH-24 

101*8 

From 18- V IIT-24 to S-1X-24 . 

150-7 

From L5-rX-24 to O-X-24 

1 14-0 

Ji'ro m 3 2-X-24 to 3- XT-24 

134*4 

From 10-X1-24 to 17-X1-24 * 

72-2 


810*1 


Uialn (IrouiKlnut 

nii\tun* mike 


From 23-V1-24 to 14-YH-21 . 

From 2 1-V1I-24 to 11-VH1-24 
From ia-Vin-24 to 8-IX-24 
From lfi-JX-24 to O-X-24 
From 12-K-24 to 3-XI-24 
From 10-XI**24to 17-XJ-21 


From 23-VI-24 to JL4-VI1-24 
From 2 l-VIJMWto Il-VIM-21 
From 1S-YX1X*24 to B4X-24 
From 3 5-1^24 to 6-X-24 
From 32*X-24 to 8-X3-24 
From 10-XI-24 to 17-XT-24 
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Table, II. 


Average composition of foodstuffs for the entire feeding p( riod in ft i was of dig substance. 



Jfay 

Whig© 

i.iK'oini* 

<»ioutt«!nu< 

I’ttke 

lliewei 

mill 

Crain 

mixture 

Crude protein . . * • 

2*;u 

5-70 

21-7 ► 

57 81 

lh 00 

10-00 

Ash ..... 

7*05i 

8-28 

11*0.) 

l*7.» 


7*5(1 

Either extract .... 

K»0 

1-87 

SS-HO 

H 07 

i 88 

4*88 

Crude fibre .... 

41-00 

80*85 

ao*wi 

1-80 

12 151 > 

28-80 

Nitrogen free extract 

17-50 

41*21 

sti*.>2 

25-01 

00-11 

58-01 


Table ILL 




Cow 1 

COW 2 

cow ;i 

COW 1 

( OW 6 

COW 0 

Co\\ 7 

Cow « 

Week ending 

An. lh© 
weight 

Av. live 
Weight 

Av, live 
weight 

Av. the 
weigh! 

V\. live 
weight 

An Iht 
weight 

\ V, 11 M* 

we Ighl 

Av. live 
wight 

28- VI-2 4 . 

800-Si 

027-SI 

8(52-2 

(5HU*0 

771 6 

Y77 0 

Wlt'ii 

MO 5 

80- VI-24 . 

800-7 

0‘lH'tl 

87(5- 1 

Ovl'7 

7.1V .5 

Vi 1 o 

> lift 0 

810*0 

7-VH-24 . 

800-0 

01.17 

HHINl 

to u i 

771 1 

util 7 

H5U5 0 

82 0 1 

14- VI 1-24 

887-1 

OU-il 

HHH) 

08(5* 1 

782 0 

788 7 

871 1. 

82*> 1 

28 days . 

801*2 

0.18 1 

871*0 

<iM 0 

7(55-6 

781 0 

801 0 

818 0 

21- YII -24 

8HI-1 

017 0 

885-0 

700-1 

771*8 

788 7 

HllO 0 

8.11*0 

28-VU-24 

80.1-7 

01 H) 

007*7 

701 •(. 

78.H 

HOO 0 

001-0 

8115*1 

4 -V XU-24 . 

1)01 -8 

own 

870-1 

505 7 

702 ‘1 

hOI 0 

800-8 

H27-S1 

il-VlII-24 

0(41-0 

0510-0 

801*1 

608*0 

784 7 

805*7 

000*0 


28 days . 

805-07 

008 0 

888-5 

005*7 

781*2 

7 OH 0 

Him* t 

882*7 

18-VIXI-24 

D. Expt. 

I>. Kxyi. 

X). Kxpt. 

J>. hxpi 

1). JVNJtl 

1). ]VK(I 

J). tixt-l 

I). Nxpt, 

25-VIII-24 

» 



»i 

»» 

•> 

»» 

M 

1-1X-24 . 

017-1 

942*7 

892 4 

708*4 

708 0 

HSU 8 

000*7 

848-4 

8-IX-24 . 

917*0 

050-7 

897 0 

71 1-8 

707-1 

8.10*1 

Oil)* J 

8(50*8 

28 daya . 

~nT 

04(5-7 

* »«v 

710 1 

75)7*7 

8.1,1*11 

01 1-0 

86 ce 

15-IX-24 . 

M 1-7 

ooi -a 

888-0 

7J0-1 

801*4 

8,15-0 

018 4 

H00*7 

22-IX-24 . 

008-8 

070-5 

891*1 

710-4 

808*0 

Nil -I 

0 10*5 

816*7 

29-IX-24 . 

011*7 

072-7 

000-0 

710 0 

8 58-1 

81,1 8 

020-0 

80.1*5 

6-X-24 . 

921-5 

071-0 

916-4 

725-4 

810*7 

851-4 

020-1 

806* l 

28 days . 

914 2 

960-0 

899-8 

"mV 

808-5 

841-8 

021*0 

8M/*3 
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Table III— ooncld. 


Average live weights {in pounds) — ooncld. 



m 

COW 2 

COW 3 

Cow 4 

COW 5 

(.'owe 

COW 7 

C OW 8 

V eek ending 

Av. live 
weight 

Av. live 
weight 

A v. live 
weight 

Av. live 
weight 

Av. live 
weight 

Av. live 
weight 

Av. live 
weight 

Av. live 
weight 

12-X-24 . 

018*5 

060*3 

013*0 

722*5 

810*0 

851*0 

024*8 

875*6 

17-X-24 . 

021 *5 

071*5 

000*8 

712*8 

823 3 

.. 

021*8 

874*8 

22-X-24 . 

028*1 

080*0 

000*7 

722 0 


830 6 

040*0 

.. 

27-X-24 . 

J>. Kxpt. 


.. 

.. 

832*1 

856*7 

.. 

877*8 

3-XJL-24 . 

0 12*0 

070*2 

021*0 

710*7 

825*0 

851*5 

030*0 

878*5 


025*0 

073*5 

A 

011*3 

710*2 

824*0 

840*7 

031*5 

876*6 

10-XI-24 . 

024*5 

070*2 

917*2 

021*0 

827*2 

862*0 

938*4 

87b*2 

17-XI-24 , 

0.12*1 

038*2 

018*1 

713*1 

825*1 

802*0 

032*5 

873*7 

H <lays . 

1)28*3 

0(58*7 

017*6 

717-0 

820*3 

802*0 

035*4 j 

875*0 

Avmgo weight f< r the 
entire juried. 

012 

055*0 

807 

708 

801 

828 

015 

858 

( i Ain In live wdght . 

37*1 

30*3 

k3 

32-1 

<10*8 

77*5 

43*5 

67*0 


Table IV. 


Maintenance requirements. 


Cow No. 

Average live 
weight 
lb. 

Pim 1>AY 

Poe entire imbuing pbejojo 

Net 

energy 

Therms 

.Nutrients 

lb. 

Protein 

lb. 

Net 

energy 

Therms 

Nutrients 

lb. 

Protein 

lb. 

1 

. 

* , 

012 

5*043 

7*453 

•688 

868*9 

1147*7 

08*31 

2 


. 

956 

3*883 

7*601 

•669 

808*7 

1184*7 

108*05 

3 


• 

807 

5*581 

7*371 

*628 

859*4 

1185*1 

96*70 

4 


. . 

708 

4*766 

0*205 

*496 

734*2 , 

960*5 

76-32 

5 


, 

801 

5*175 

6*835 ! 

•561 

796*0 

1052*8 

86*35 

6 



828 

5*201 

6*988 

*580 

814*7 

1076*1 

80*26 

7 


. 

915 

5*654 

7*467 

•641 

870*7 

1150*0 

93*64 

8 

' 

* 

653 

j I 

5*397 

7*128 

*597 

831*1 

1097*7 

91*95 
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Table V. 




Cow No. 1 

Jfftt 

JM4* 

<*oat . 





COW No. 2 

m 


Week ending 

Milk 

yield 

Dally 

average 

Total 

int 

Week ending 


Milk 

Mold 

Daily 

uu-inm 

per 

rent. 

Total 

tat 

23-V1-24 

• 

282-00 

40-28 

4 80 

■ 

23- V 1-24 


* 

186*50 

26*61 

3 8 


30-YI-24 


290*75 

41 -53 

4 80 


80- VI -24 


. 

188-50 

20-92 

3-81 


7-VII-24 

, 

289*25 

41*32 

4*55 

■ I 

7-V 11-24 



1 00*00 

27*14 

3*81 


14-VTI-24 


270*25 

38-00 

4-GH 


14-Y11-24 



185-00 

20* 10 

3*82 



1 132-25 

10*43 

4*73 

53*533 




750-00 

20*775 

3-817 

28-031 

21-YH-24 

< 

mam 

30-46 

4*51 


21- VI 1-24 



185-50 

20-40 

3-908 


28-VII-24 


SB 

41*30 

4*12 

| ; 

28-V1J-24 


. 

180*26 

27-75 

3*775 


4-Y1II-24 

. 

301-00 

43*00 

4*43 


l-YlH-24 


. 

172*25 

24-00 

3*820 


ll-YIII-24 

• 

282*26 

40-35 

4-07 

| 

U-VT11-24 



174*50 

24-92 

3-924 



1149-25 

41-06 

4*282 

40-418 




712 60 

25-317 

3*872 

26-139 

18-V1XI-24 

. . 

270-75 

38-39 

4*20 


18-VUI-24 



160-75 

21*26 

3*93 


25-YIIT-24 

. 

209-00 

38*40 

4*14 


25-VII 1-24 



105-50 

23-00 

3*81 


l-IX-24 

. . 

250-75 

36-68 

4*50 


MX-24 



157-26 

22-40 

3-83 


S-IX-24 

« 

244-50 

34-90 

4*40 


8-IX-24 



145-25 

20-70 

3-92 



1041-00 

37-00 

4-332 

45*175 




037-75 

22-737 

3-872 

24*814 

15-TX-24 

. 

222-75 

31*82 

4-J5 


15-IX-24 



148-00 

20-42 

3-94 


22-IX-24 

. 

239*75 

31*30 

4-00 

mm 

22-IX-24 



141*50 

20-21 

3-02 


29-IX-24 


224-75 

32*10 

4*75 

| 

29-IX-24 



133-25 

19-30 

3-94 


6-X-24 


218*20 

31*20 

4-00 


6-X-24 



124-75 

17*75 

3-97 



885-46 

31-63 

4*300 

38-908 




542*60 

19-42 

3-807 

20*984 

12-X-24 

, , 

189-25 

31*62 

4*720 

■ 

12-X-24 



102*75 ] 

17-12 

4-111 


17-X-24 

* 

150*00 

32-00 

4*500 

II 

17-X-24 



82*225 

10-45 

4*070 


22-X-24 


153*00 

30-00 

4-000 

II 

22-X-24 



78*75 

15*75 

4*080 


27-X-24 


160*25 

80*05 

4-420 

m 

27-X-24 



74-25 

14-85 

4-180 


3-XI-24 

- 

208-25 

20-76 

4*740 

U 

3-Xr-24 



103-00 

14-70 

4-180 



860-75 

atm 

4-62? 

39-927 ] 




*”440*975 

15*770 

4-1124 

18*196 

1 0-XI-24 

. 

201-25 

28-40 

4*08 

■ ■ 

10- X 1-24 



95-00 

13*57 

M2 


17-XI-24 


101-25 

27*32 

4*89 

II 

17-XI-24 



90-25 

12*32 

4*08 



302-50 

27*89 

4-785 

18-827 




191-25 

12-945 

! 4*4 

7*961 

Total for 
period. 

entire 

5401-2 

■ 


245-833 


8261*5 

u . 


125-721 

Average fat per 
cent, for entire 
period. 

4-49 

■ 




3*95 


- 

•* 
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Table Y—contd . 




Oow No. 3 

Kai per 

Total 

Week ending 


Oow No. 4 

Nat. per 

Total 

Week ending 








Milk 

Daily 

cent . 

fat 



Milk 

Daily 

cent, 

ial 



yield 

average 





yield 

average 



23-VI-24 


15.' *25 

22*17 

3 75 


25- \ 1-2 1 . 


170*25 

24*32 

4*63 


30- VI -24 


Hid 25 

22 80 

3*88 


30-1 1-24 . 


1 77*25 

25*32 

4*63 


7-YII-24 

. 

1 50*50 

22 78 

3*08 


7- V 11-24 . 


183*50 

20*21 

4*64 


14- VI 1-24 . 


151*25 

21*00 

3*01 


ll-V 11-24 , 


177*00 

25*28 

4*05 




020*25 

22*30 

3*73 

23*387 



708*00 

25*28 

4*59 

32*485 

21-VU-24 . 

. 

1 50*00 

22*28 

3*78 

fjMHl 

21 -VI 1-24 . 


170*75 

25*25 



28-VIT-24 . 

. 

1 55*75 

22-25 

3*85 

B 

28-VIJ-24 . 


175*50 

25 07 



4-V IH-24 . 


144*25 

20*00 

4-20 

IK 

4-VI 11-24 . 

. 

174-00 

24*85 



ll-VIII-24 . 

* 

147*00 

21*00 

4*31 


ll-VIJI-24 . 


176*25 

25*00 



_____ 

603*1 0 

21*53 

4 03 

24*280 ’ 



701*50 

25*19 

4*7i8 

38*059 

18-V 111-24 . 


134*50 

10*21 

4*20 

■ 

18* VI 13-24 . 


109*76 

24-25 

5*07 

■ 

25-VI11-24 . 


127*50 

18*10 

4*36 

11 

25- VII 1*24 . 


108*60 

24*00 

5*07 


l-IX-24 


131 *00 

18*70 

4*10 


1-IX-24 


159*25 

22*70 

5*30 


8-IX-24 


135*25 

19*30 

4-11 


H-lX-24 . 


1 52*00 

21*70 

5*40 




528*26 

18*82 

4*19 

22*258 



049*90 


5*22 

34*010 

15-1X-24 . 

4 

125*26 

17*89 

3*77 

■ 

15- IX- 24 . 


145*60 

21*78 

5*40 


22 tX-24 . 


120*25 

17*17 

4*29 

fl ■ 

22* TX-24 . 


143*fe 

20*53 

5*34 


29 IX-24 • 


125*50 

19*90 

4*10 

fl 

29-1 X-24 . 


137*00 

19*60 

6*59 


C-X-24 


121*00 

17*30 

4*35 

1 1 

(J-X-24 


181 *75 

18*80 

5*70 




402*00 

17*50 

4 'Til 

| 20*830 



T&58-00 

20*17 

$•51 

30*08 

12-X-24 

, 

100*76 

10*80 

4*55 

■ ■ 

12-X-21 . 


113*50 

. 

6*00( 


17-X-24 


75*00 

15*00 

4*00 

'11 

17-X-24 . 


90*50 | 


5*800 


22-X-24 


75*26 


4*01 


22-X-24 . 


80*00 

17*20 

6*590 


27-X-24 


72*75 

14*55 

4*00 

fl % 

27-X-24 . 


83*00 


6*420 


3-XI-24 . 

* 

204 26 

14*89 

4*408 

1 

3 - X 1-24 . 


117*76 

16*82 

6*450 



628*00 

16*258 

~ 4-444 

| 1 0 085 



~ 484^76 

17*524 

6*243 

31*06 

10-XI-24 . 

, 

109*25 

15*60 

fl 

■ 

JO-Xtfcl . 

, 

114*25 

16*32 

6*43 


I7-XI-24 . 


100*50 

14*30 

1 1 

1 

17-X1-24 . 

• 

1 1 5*75 

16*53 

6*819 



£ turn 

14*81 

4*58 

9*602 



230*00 

10*42 

~874 

14*06 

Total milk 
entire period. 

for 

2887*3 

** 

*> 

118*964 


3331*8 

•• 

•• 

175*354 

Average fat percent 

4*lt 






5*28 




for entire period. 
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NUTRIENTS REQUIRED FOB MILK X*R0DTU,T10N 


Table V—contd. 



row No. 5 

Pat m 
cent. 

Total 

lat 




row No. o 

Pitt rn*r 
t ent 

Total 

fat 

Week ending 

Milk 

yield 

Daily 

a\erage 

\\ eek ending 


MttU 

>it»Ui 

Dath 

tueuw 

23-V1-24 . 

209-00 

20 85 

,1 70 

■ 

23- V 1-21 



161 25 

24*03 

3*63 


SO-VT-24 . 

205*50 

20 50 

3-81 

1 

do-vr-ai 



150 0 

22*28 

3*03 


7-V1I-24 . 

204-00 

20*14 

3 80 


7-M1-21 



158 25 

22*00 

3 76 


14-VI1-24 . 

180-25 

20-60 

4-30 

1 

li-vn 24 



119-0 

21*22 

3 85 



805-75 

28-77 

3-04 

31*670 




024-50 

22-28 

3-09 

E 

21-VXI-24 . 

182-50 

20-07 

4-00 


21-VU-24 



138-0 

18*22 

3*06 


28-VII-24 . 

182-25 

20-03 

3-09 


28-VU-24 



135*5 

19*07 

3-002 


4-VIII-24 . 

180-50 

25-78 

4-05 


j-vm-2t 



128-75 

18*39 

8*58 


ll-VXU-24 . 

170 25 

25*60 

4-00 


11-vin-at 



127*5 

18-21 

3*05 



721-50 

25*87 

4 03 

20 239 




519 75 

18-17 

3*038 

19*018 

1S-VIII-24 . 

177-75 

25-30 

4-10 


18*VUI*24 



122-0 

17-12 

3-ti 


25 V1H-24 * 

170 25 

25-1 

1 03 


25- VI 11-24 



120-25 

17-10 

U‘08 


11X21 

107-25 

23-8 

4 30 


MX-21 


, 

112-00 

10-00 

3*98 


8-1X-S4 

158*50 

22-6 

4-26 


8-I.V21 


. 

100-00 

16-11 

4*10 



670-75 

24-22 

4-30 

28 248 




400-25 

10-41 

8*85 

18-208 

15-IX-24 . 

153*26 

21-89 

4*24 


15-1X-24 


4 

95-5 

13-64 

4*12 


22-IX-24 . 

145-25 

20 75 

j 4-30 


22-1 X -21 


, 

90*5 

18-70 

4*01 


29-IX-24 . 

128-25 

19-75 

4-50 


29-1 X -24 



89-25 

12*75 

4-20 


C-X-24 

105-00 

19*20 

4-40 


6-X-24 



86-75 

12-20 

4*30 



571-75 

ImkmT 

4*30 

25*124 




1107-00* 

13*07 

~iTf 

16-110 

12-X-24 

111*50 

18-58 

4*48 


12-X-21 


, 

74-75 

12 46 

4-312 


17-X-24 

88-25 | 

77-75 

4-60 


17-X-24 


. 


12-25 

4*030 


22-X-24 

88-26 1 

17-65 ! 

4-40 


22-X-24 




11-05 

4*100 ; 


27-X-24 

85*60 

17*10 

4*50 


27-X-24 


* ' 

57*26 

11-46 

4*060 


8-XI-24 

115*25 

16**6 

4-48 


3-XI-24 

* 

* 

77*60 

11-07 

4*400 



"488-75 

Twr* 

4-47 

21-010™ 

| 

331 00 

1187~~ 

*4*180 

13-924 

10-XI-24 . 

105-00 

15*0 

4-54 


io-xr-2i 

. 


73 25 

10*16 

4*20 


17-XI-24 . 

88-25 

12-6 

j 5-21 

■i 

17-XI-24 


. 

08 25 

9*75 

4*51 



193*25 

~mT~ 

4^P7~ * 

0-380 


341 5 

1*0 To? 

4*40 

™220 ’ 

Total milk for 
entire period. 

3463-8 



145-611 


2452 0 


*• 

9£V738~ 

Average fat pei 
cent, fpr entire 
period. 

4 25 

. * 

1 ' 



3 89 



** 
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Table Y — ooncld. 




Cow No. 7 

Cat per 
cent . 

Total 

iat 


Cow No. 8 

Fat pei 
cent. 

Total 

fat 

Week ending 

Milk 

Meld 

Bally 

average 

Week ending 

Milk 

yield 

Daily 

average 

23-YI-24 . 

, 

^ 202-25 

28-89 

mm 

m 

23 VI-24 . 

211-50 

30-21 

3*2 


30-VD24 


206-00 

20-42 

fl 


30-VI-24 . 

210-75 

30*10 

3*26 


7-VT1-24 


205-50 

29-35 


B 

7- Y IT-24 . 

210*25 

30*03 

3*36 


14-YT3-24 . 

. 

oc 

o 

£ 

27-03 

4*40 

1 

14-VIT-24 . 

103*25 

27*00 

3*49 


. 

803-00 

28-07 

4-23 

33 918 


825-75 

29-48 

3*32 

27-235 

21-VH-24 . 


183-25 

26*17 

4*34 


21-VTI-24 . 

191*50 

27-36 

3*475 


gH-V 11-24 . 


102-75 

27*53 

4*77 


28-YJT-24 . 

184*75 

26-39 

3*42 


4-V1H-24 . 


100-00 

28-42 

;4*io 


i-vm- 21 . . 

184*25 

20-32 

3-54 


n-vm-24 . 

* 

201 -50 

28*78 

4*30 


ii-Yirr-24 . 

188-25 

20-89 

3*05 




770-50 

27-72 

4*10 

33-229 


748*75 

20-73 

3*515 

20-403 

lft-VIir-24 . 

, 

204-00 

29-1 1 

4*09 


18-YII1-24 . 

188*75 

20*90 

3*00 


2r»-vm-24 . 

. 

20 1 *00 

29* It 

•1*01 


25-YI IT-21 . 

190*25 

27*10 

3*45 


t-IX-24 

. 

1 05*50 

27-00 

4*30 


1-1X-24 

183*50 

20*1 

3*78 


H-IX-24 

' 

J 85*75 

780*25 

20-25 

28-17 

i *30 

4-17 

29*191 

8-1 X -21 , 

106 26 

728*75 

23*7 

25 90 

4 07 

3-725 

27-091 

lfi-IX-24 . 

, 

185*75 

20-53 

1*31 


lfi-fX-21 . 

1 58*25 

22 0 

4*1 


22-IX-24 . 

♦ 

180*26 

25*75 

4-28 


22-IX-24 . 

1 59*25 

22*75 

3*8 


20-1 X-24 


180-70 

25-82 

4*29 


20-1X-24 . 

151*00 

22*0 

3*95 


O-X-24 

• 

175-50 

25-00 

■ 


O-X-2 1 

147-50 

21*07 

3*09 



722-25 

~2^79~ 

4*28 

3D- 085 


019*00 

22*106 

3*90 

24 -39b 

12-X-24 


151-50 

25-26 

1-292 

■ 

12-X-24 . 

120-25 

21-04 

4*001 


17-X-24 

. 

123-25 

24-65 

4-321 


17-X-21 . 

102-75 

20*65 

4*066 


22-X-24 


119*60 

23-9 

4-310 


22-X-24 . 

99-75 

19*95 

3*96 


27-X-24 


177-25 

23-45 

4-300 


27-X-24 . 

98-00 

19*00 

3*00 


S-XI-24 


160-25 

22-89 

4-200 


3-X1-24 

130*26 

10*40 

4*2 



*78L~7? 

’ 24*028 

4-304 

I 25-050 


633-00 

20-12 ~ 

4*026 

22*880 

1Q-XI-24 . 


152-26 

21*75 

4-280 

1 

lO-Xt-24 * . 

131*5 

18-48 

4*200 


17-XJ-24 . 


144*75 

20*67 

4-716 

II 

17-XI-24 . 

128-5 

18*35 

4*234 



297-00 

21*21 

4*497 

13-350 


200*0 | 

18*406 

4-217 

lo-SsiT 

Total milk 
entire period 

for 

4C5D-8 


•* 

105-732 


3745-3 

*• 

** 

1 38-940 

~~ 

Average fat per 
cent, for entire 
poriod. 

4-20 

’ * 

* * 

* * 


3*71 

j 
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NOT&tBNTS REQUIRED FOR MILK PRODUCTION 


Table YL 


A. Digestion coefficient's used fin computation* in Table IV of tent. 



Protein 

Fibre 

Nitrogen 

froo 

oxtract 

Fat 

Hay 

• 


- 

* 

• 

•* 

64 

47 

37 

Silage 

* 


• 

• 

• 

38*6 

68 

63 

53 

Lucerne . 

• 


* 

• 

• 

74 

42 

72 

38 

Mixture . 

• 


• 

• 

• 

72 

29 

66 

67 

Cake 

• 


• 

• 

* 

90 

9 

84 

90 

Brewery grains 

• 

• 

* 

- 

* 

81 

49 

57 

89 


B. Coefficients used foi compulations in Table VII Appendix. 


Digested per 100 lb. dry stjbstanok 



Protein 
j lb. 

Organic 

matter 

lb. 

Total 

nutrients 

lb. 

i Net 

energy 
Therms 

Hay 


• 

• 

• 

: 

4*28 

49*73 

51*23 

43*23 

Silage 


* 

• 

• 


2*62 

55*70 

58*33 

48-75 

Lucerne • 


* 

• 

• 


13*04 

55*73 

57*71 

40-25 

Mixture ♦ 


• 

• 



11*00 

54*32 

59*38 

51-10 

Cake • • 


• 

• 

• 


47*93 

i 

78*84 

88*91 

104-80 

Brewery grains 




- 


19*09 

61*41 

69*30 

60-20 
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Table VII. 


Calculation of nutrients and net energy used for mill' production. 


No. 

Total 

milk 

jield 

lb. 


COMPlTBi) NTTlULNTfe 

Actually 

J)KIKhTM> NUTJUI.NTS 

( Tudo 
protein 
lb. 

Nutrients 

lb. 

Net 

energy. 

T her mb 

Crude 

protein 

lb. 

Nutiients 

lb. 

Met 

energy. 

Therms 



Total digested . 

549 1 

2967*9 

2(>25*7 

- 420*7 

2803*0 

2502*0 



Maintenance 

98*3 

1147*7 

8(59*0 

98*3 

3 147*7 

869*0 

1 

5461*2 










Available for milk 

450*8 

1820*2 

1756*7 

322* l 

1655*3 

1633*0 



Used pei lb, nulk 

•0826 

•3333 

•3217 

•0590 

•303 1 

•2090 



Total digested . 

4( 6 9 

2355*5 

2090*0 

295*8 

2681*1 

3870-0 



Maintenance 

103*3 

1184*7 

800*7 

103*1 

1183*7 

890*7 

2 

3261*5 










Available for milk 

303*8 

1170*8 

1103*3 

102*7 

890*4 

973*3 



(Jned per lb. milk 

•0931 

•3587 

•3655 

•0590 

•2755 

-2081 



Total digested . 

368*5 

2035*1 

1805*9 

279*6 

1971*5 

3775*0 



Maintenance 

00*7 

1133*1 

859*1 

90*7 

1135*1 

859*4 

8 

2887*3 










Available ior milk 

271*5 

000*0 

910*5 

182*9 

836*4 

910*0 



Used per lb. milk 

•0911 

•3117 

*3278 

*0634 

•2897 

*3175 



Total digested . 

405*3 

2259*5 

2002*2 

300*1 

2010*1 

1797*0 



Mttintenam e 

76*3 

969*3 

731*2 

76*3 

960*5 

734*2 

4 

3331*8 










Amiable fojr milk 

329*0 

1290 0 

1268*0 

223*8 

1010*6 

1062*8 



l^ed jwr lb. milk 

*0988 

*3872 

*8800 

*0672 

■3123 

*3190 



Total digested . 

105*0 

2271*2 

2011*8 

291*1 

3976*2 

1768*0 



Malntenanee 

86*4 

3 052*0 

790*9 

86*1 

J 052*3 

796*9 

5 

3463*8 










Available for milk 

319*1 

1218*0 

1214*9 

207-7 

922*9 

971*1 



Used per lb. milk 

■0921 

*3510 

•3508 

•0600 

•2064 

*2804 

mm 


'Total digested , 

337*0 

~20l7*l 

1774*2 

240*1 

3845*2 

1646-0 



Maintenance 

89*3 

11070*1 

811*7 

89*3 j 

1076*1 

814*7 

6 











Available for milk 

248*3 

911*0 

950*5 

150*8 ' 

709*1 

831*3 



Used per lb. milk 

*1013 

*3838 

*3913 

•0015 

•3137 

*3392 



Total digested . 

456*0 

2584*2 

2280*3 

354*2 

2890*5 

2137*0 



Maintenance 

03*0 

1 1 50*0 

870-7 

08*6 

1150*0 

870*7 

7 

4059*8 










Available for milk 

357*4 

1431*2 

1415*0 

207*6 

1240*5 

1266*8 



Used por lb. milk 

*0880 

•3583 

*3487 

•0635 

*3056 

-3119 



Total digested . 

418*8 

2359*1 

2000*8 

314*8 

2177*8 

1051*0 



Maintenance 

92*0 

1097*7 

1831*1 

92*0 

1097*7 

831*1 

8 

3745-3 










Available for milk 

826*8 

1361*4 

1259*7 

222*8 

1080-1 

1119*9 



Used p^r lb. milk 

*0873 

♦3632 

•3365 

•0595 

•2834 

*2990 
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The process of making silage is an ancient one. Numerous experiments have 
been made in the past in Europe, and during the present time a very important 
series of investigations is being carried out at Cambridge University. In the 
United States of America, silage is made much use of, mainly because in that coun- 
try maize is more commonly grown than roots, and maize silage provides the stock 
with succulent food in winter. 

It would seem that the process of silage-making ought to be largely encouraged 
in India. Indian agriculture depends largely on the bullock for draught purposes. 
The use of improved implements is often objected to on the ground that they overtax 
the bullocks. Hence better bullocks are required. For these a more plentiful 
supply of food will be necessary. The supply of milk in India is hopelessly in- 
adequate and pure milk in India is more expensive than in England. The Agri- 
cultural Department has given much attention in various parts of India to the im- 
provement of the milk yield of Indian cows. But as the milk yield of a cow is in- 
creased, it requires a corresponding increase of food, hence it will bo useless to 
produce cows of high milk yield unless an increased quantity of food is also pro- 
duced on which to feed them. The Agricultural Department has done much 
towards producing increased food supplies by introducing better varieties of fodder 
crops. 

In many parts of India these fodder crops can only be produced in the rains. 
Difficulty is commonly experienced in providing the animals with a sufficient supply 
of succulent fodder during the hot Weather, and for this reason the making of silage 
should prove of great advantage to Indian agriculture. The essential point about 
silage-making in India is that an excess of green fodder can be grown during the rains 
and this excess can be cut into small pieces and stored without drying until the next 
hot weather. The fodder must be packed tight to keep out air. In other countries 

189 



190 


SlLAUti EXPEHIMENTS AX NAGPUR 


the fodder is stored in stacks, in pits in the ground, in brick towers, and in one case 
in England funnels taken from a steamer wrecked near the shore were used. In 
India, however, the method of storage must be cheap, and it lias been found that 
the storing of the green fodder in a pit dug in the ground gives quite satisfactory 
results. Silage-making has been practised on many Government farms in India 
for some years past, and at Nagpur it has been found invaluable and is an established 
practice. 

It has been stated that the process consists in storing green fodder in a moist 
state until the hot weather when green food is difficult or impossible to obtain. Since 
a certain a nount of fermentation takes place during storage there is bouud to be a 
loss of some of the material so stored. 

The silage produced at Nagpur has not always been of the same quality. It has 
varied in colour from black to green and yellow. At times, it is much drier than 
at others and in a few instances the smell has been very unpleasant. 

Experiments were, therefore, carried out at Nagpur during 1924-25 in order to 
determine the conditions required for making a good quality silage, in addition, 
determinations were also made of the loss in weight and of the change in the food value 
of the green fodder during the process of silage-making. 

Method op experiment. 

The fodder used was j^ar {Sorghum vulgare). It was cut up with a Ghel fodder 
cutter worked by a Fiat tractor. At intervals during the filling of each pit a heap 
of the cut fodder was collected. This was filled by handfuls into a weighed sack and 
every fifth handful was put aside. When the sack was full, an ordinary clinical 
thermometer was put inside in the middle of the fodder and the sack sewn up and 
weighed. The fodder put aside during the filling of the sack was packed tight in a 
glass jar and removed to the laboratory for immediate analysis. The sack was 
placed in the pit and its exact position {e.g., height above bottom of pit and distance 
from sides of pit) recorded. The filling of the pit was then proceeded with. Except 
in the case of one pit, which was too small, two bags were buried in each pit, one 
near the bottom* and the other towards the top of the pit. When the pits were 
opened and a bag uncovered, it was immediately weighed. The contents wore 
taken out and carefully weighed and the temperature as recorded by the clinical 
thermometer was not. d, A portion of the silage was also taken for immediate 
analysis in duplicate. 

Description op experiments. 

The expeiiments can be divided into three groups : — 

2. TeUnkheri Dairy, Nagpur. 

Two pits were under experiment here. Both were at the top of a hill and were 
dug in the solid trap rock and were rectangular in form. 
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Pit No. 1. The fresh fodder was allowed to fall into the pit during chaffing, 
being sprinkled with a small amount of water during filling. The dimensions of the 
pit were : length 27', depth 9', breadth 13'. Two bags (Nos. 1 and 2) were placed 
centrally in the pit, one at 6' 6" from the bottom and the other 2' 8" from the 
bottom. 

Pit No. 2. The crop was allowed to wither for 12 hours in the sun and was then 
chaffed into the pit. No water was sprinkled on the crop. The dimensions of this 
pit were : length 20', breadth 12', depth 9'. Two bags (Nos. 3 and 4) were placed 
in the pit at 4' 9" and 2' 9", respectively, from the bottom. 

2. College Farm, Nagpur. 

Here the pits were dug not in rock but in black cotton soil. Two pits were used 
and were circular in form. 

Pit No. 3. The fresh fodder was allowed to fall into the pit during chuffing, 
being sprinkled with a small amount of water during filling. The pit was 6' deep 
and had a diameter of 18' at the top and 14' at the bottom. Two bags (Nos. 5 and 6) 
were placed centrally in the pit at 3' 7" and 2' 4", respectively, from the bottom. 

Pit No. 4. This was filled as in the case of Pit No. 3, but no water was 
sprinkled on the crop. It was a small pit, 5' deep and 11' in diameter at the top 
and 9' at the bottom. Only one bag (No. 7) was placed in the pit at 2' from 
the bottom. 


3. College tower silo. 

This is a cylindrical brickwork silo lined with cement. It is 11' in diameter, 
extending 6' below the ground and 18' above and is roofed. The fodder was chaffed 
and blown directly into the silo and was sprinkled with water during filling. Two 
bags (Nos. 8 and 9) were placed in position, one 9' above ground level and one at 
ground level, i.e., 6 feet above the bottom of the silo. 

Opening op the silos. 

The pit silos had all been covered with a layer of earth, and when this was re- 
moved, a thin layer of mouldy silage had to be discarded in each case. In the case 
of pit No. 2 in which the crop had been withered in the sun before chaffing, this loss 
was probably the highest. 

In the case of the tower silo, however, the top mouldy layer was very dry, and 
immediately beneath it, for distance of some feet, the silage was deep black in 
colour. The temperature was abnormally high, a thermometer thrust 6" below 
the surface recording 68°C. The leaf structure had disappeared from the silage 
and it appeared to be largely carbonised. "When shaken with water, it went quickly 
into a fine pulp and the liquid smelt strongly of caramel, It was strongly acid 
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in character but was eaten by the animals though without much relish. An 
analysis was made o£ this substance and is referred to in the paper. 

Beneath the black layer, was a layer, several loot in thickness, of a deep brown 
colour and below this a yellow layer in which our top bag was found (Bag No. 9). 
Analyses of these brown and yellow layers arc given later. In all these layers the 
temperature was still very high and a reading o£ 62°0. was recorded beneath the top 
bag, the clinical thermometer in the bag being, of course, broken owing to the high 
temperature. The silage had shrunk some inches away from the walls all around 
and the outside layer was mouldy, dry and quite useless for feeding. The silage in 
the bottom part of the pit, i.c., below ground level, was of a different type, being 
similar in character to the pit silages, and the temperature only reached just 
over 38°C. These conditions appear to be explained by the fact that the tower is 
exposed to the full sun and during the hot weather the sun temperature at Nagpur 
must frequently reach G0°C. It would appear necessary to protect tower silos in 
India from the direct sun by some kind of efficient shade. 1 

Table I summarizes the information obtained from the bags. 


* Since these remat ks were written our attention has teen called to the fact that Amos and 
Woodman (/. Apu Sou, XV, 19215, p. 447) observed a temperature of C0*5° t 1 . in a clamp silo at 
Cambridge. 


Pit No. 1 Pit No. 2 Pit No. 3 I Pit No. 4 Tower silo 


ANNETT AND PADMANABHA ATYEB 


193 



194 


SILAGE EXPER1M3SNTS AT NAGPUR 


The conditions under which the various silages were made have already been 
described. The losses in dry matter vary greatly, from 0 to 14 6 per cent. This 
is about the range of variation in loss of dry matter found by Amos and Woodman 1 
at Cambridge. 

As stated above, the Telinkheri pits were in trap rock and the College Farm pits 
in black soil, but Table I gives no indication ot any difference in the product duo to 
this. There is, however, a wide variation in the moisture content of the silages. 
Pits No. 1 and 3 had water sprinkled on them during filling and pits No. 2 and 4 
had none ; the crop in pit No. 2 having in addition been withered in the sun for 12 
hours. It is, therefore, not surprising that the silage in bags No. 4, 3, and 7 is much 
lower in water content than that in 1 , 2, 5 and 6. In this connection, it will be noticed 
that in the watered pits Nos. 1 and 3 the weight of the silage obtained was greater 
than the amount of fodder put in, owing of course to the water added, whereas, 
in pits 2 and 4 receiving no water, the reverse was the ease. It is perhaps surprising 
that the watering had no effect on the maximum temperature reached. It must, 
however, be kept in mind that, though the maximum temperature reached was ap- 
proximately the same, yet there might have been very groat difference in the rate of 
rise of temperature shortly after the pits were filled. If this were so, we might 
expect differences in the type, of silages produced, but the chemical analyses gave 
no indication of this. 

The conditions in the tower silo were so different from those obtaining in the pits 
that the results must be considered separately. The moisture content of the silage 
is on the low side in spite of the fodder having been watered. It will be noticed, 
however, that the green crop when ensiled was comparatively dry particularly in 
the case of the bottom bag where the moisture content of the crop was 63*6 per 
cent. only. This bottom bag has gained considerably in weight probably due to 
liquid squeezed down by the great depth of silage above it. 

Nora ON QUALITY OT SILAGE PRODUCED IN THE VARIOUS BAGS. 

Bag No . 1. Green, smell pleasant, slightly fruity with a slight pungency. Very 
like contents of bag No. 5. Eaten readily by cattle. Very hot, temperature still 
up to 41*7°C. on opening. 

Bag No * 2. Green, smell much more pungent and acid than No. 1. Very 
hot, temperature on opening up to maximum recorded viz., 39*6°C. 

Bag No . 3. Dark green, pleasant acid smell but not pungent. Very hot, tem- 
perature still up to 41*4°C. on opening. 

Bag No. 4 . Dark red brown and only slightly green, smell much the same as 
bag No. 3. Temperature much lower but still up to 37°C., the maximum recorded 
on opening. 


' fTontn. 4 P*- XII, 1922, p. 34$, 
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Bag No. 5. Very similar to bag No. 1, but temperature was much lower. 
Since tbe maximum temperature was the same as in bag No. 1, fermentation must 
have subsided considerably in bag No. 5. 

Bag No. 6. No difference from bag No. 5. 

Bag No. 7. Olive green, sample felt dry, pit quite cool, hence fermentation 
subsiding. A sweet pleasant fruity smell, neither acid nor pungent- quite different 
from all other samples. As will be seen in table II this silage was the least acid 
of all the samples being especially low in volatile acid content. 

Bag No. 8. Leaves dark green, stems yellow and general appearance of silage 
dark yellow. Colour darkened rapidly on exposure to air. Smell acid and neither 
pungent nor unpleasant. Still very hot, up to 62°C. , but since maximum temperature 
recorded was 68’7°C. fermentation appears to be subsiding. 

Bag No. 9 . Yellow green, smell of ac tic acid, slightly pungent. Temperature 
about equal to maximum recorded 39 4°, hence fermentation not yet subsiding. 

It will thus be seen that in the Telinkheri pits (bags 1 to 4 ) fermentation had 
not begun to subside when the bags were taken out since at that time the tempe- 
rature in these bags was up to the maximum recorded. 

In the case of all the pits at Nagpur Farm, fermentation has subsided considerably 
at the time the bags were removed. It will be remembered that the Telinkheri 
pits are dug in rock and the Nagpur Farm pits in the black cotton soil, and it may 
be that the black cotton soil is cooler than the rock and so tends to cool down the 
fermenting mass more rapidly than does the rock. 

In the case of the tower silo the fermentation in the top bag (No. 8) appeared to be 
subsiding, but it showed no sign of subsiding in the bottom bag although that was 
removed nearly 3 weeks later. 


Method oe analysis. 

Moisture was estimated in duplicate portions of 200 grm. of both the green fodder 
and silage m the usual manner. The dried residue was finely ground and submitted 
to complete analysis. 

Analyses were also made in all cases of the aqueous extract of the green crops 
and silage samples by the methods used by Amos and Woodman, 1 Those authors 
have set out the advantages of these methods and we have found them very con- 
venient. They provide a very convenient way of estimating volatile and non- 
volatile acids and, in addition, give a measure of the amino-acids and volatile 
bases present. 

— X j owrH ' A gru Sci , Xlt, 1922, p 345. * ' 

Jourii. Aqri. #ct., XV, 1925, p. 343, 
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Tabes II. 

Shomng changes in content of dry matter, volatile organic adds, amino-adds and volatile 
bases undergone in the various silos per 1,000 grm. dry juar. The figures show 
the equivalent of the adds or bases in co, N alkali or add respectively. 


Telinkheri. 


— 

Pit no. 1 

PIT No. 2 

Green 

juar 

Bog 1 
top 

Green 

juar 

Bag 2 
bottom 

Green 

juar 

Bag 8 
top 

Green 

juar 

Bag 4 
bottom 

Volatile organic acids 

. 

87-0 

475*8 

60*6 

802*0 

50*1 

200*9 

69*8 

280*9 

Non-voiatile organic a< U1& 

• 

87*7 

750*6 

108*0 

680*0 

390*8 


243*9 

710*0 

Amino-ndds 

• 

■21 

148*5 

4*8 

178*3 

3*3 

30*3 

0*0 

49*6 

Volatile liases 

* 

■; r ' : 

100*1 

12*8 

Qt*7 

11*7 

57*7 

13*1 

90*8 

Dry matter grm. * 

• 

. 

852 

1000 

891*0 

1000 

901*1 

3000 

837*2 



1 1 

C30LLKU 

US PA TIM 









PIT No. 8 



PIT NO. 4 


Volatile organic acids . 


87*4 

088*2 

32*9 

548*4 

50*9 

196*0 



Non-volatile organic adds . 


178*1 

148*4 

300*4 

078*9 

2084 

419*4 

•• 

•* 

Amino -acids 


5*2 

06*2 

3*6 

24*0 

4*6 

14*8 

•• 

** 

Volatile bases 

• i 

22*8 

68*9 

11*8 

09*0 

1*6 

44*6 

1 *n 

*• 

Dry matter * . , 

a » 


816 

1000 

898*0 

1000 

808*4 

*4 

* 

•• 




0 

OLLBUJ4 

• 1 

FABM TOWK& 

SILO 



Volatile organic adds . 

# « 

9 

294*1 

81*6 

444*1 

•* 

•• ' 


.. 

Ilon-volatile organic adds 

• 

100*7 

| 008*2 

105*3 

503 8 

*• 

.. 

•* 

*» 

Amino-acids . . * 

• 

1*7 

21*1 

1*4 

38*1 

•* 

*♦ 

** 

•• 

Volatile bases 

• 

7*6 

47*1 

9*4 

19*0 

*• 


•* 

.. 

Dry matter ...» 

* • 

i 

1000 

902*2 

1000 

891*1 

** 

•* 

** 

- 
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The high content of non-volatile organic acid in the black and brown layers at 
the top of the tower silo is of interest in view of Woodman’s rematk 1 that when the 
temperature rises above 50 C C. the fermentation is dominated by lactic acid bacteiia. 

Amos and Woodman (be. dt.) found that in normal silages produced by them the 
non-volatile acids largely exceeded the volatile organic acids in amount. All our 
bags contained normal silage and, with the exception of No. 5, the non-volatile acids 
exceeded the volatile acids. However, Amos and Woodman have corrected the 
amount of non-volatile acids found in the silage by deducting the non-volatile acid? 
found in the green fodder. They did this because they obtained evidence that this 
non-volatile acid portion was not lactic acid. They noticed during the titration of 
the extracts of the green crop and of the resulting silage with soda, the development 
of a yellow colour. We also observed this phenomenon to some extent. We have 
inserted in the brackets the figures obtained by deducting the non- volatile acid 
titration figure obtained for the corresponding green fodder. The preponderance of 
non-volatile organic acids over the volatile organic acids is then much less marked. 
Bag No. 5 considered by us our best sample then shows a minus quantity for non- 
volatile organic acids. 

A comparison of our figures fox the groen fodder with those obtained by Amos 
d,nd Woodman (loe. cit , , p. 348) shows that our green fodder contained much more 
volatile organic acid, distinctly less non-volatile organic acid, much loss amino-acid 
and slightly less volatile bases. Our silages contained rather more volatile acids 
than the samples produced at Cambridge by Amos and Woodman. In general, the 
non-volatile organic acids were about the same in amount as found by them and our 
volatile bases rather less, but the amount of amino-acids in our samples were far 
lower than found by them. This is only to be expected since a reference to table IV 
shows that our green fodder contained only 2-5 to 5 per cent, of crude protein 
reckoned on dry matter, whereas the Cambridge green oats and tares contained 
from 11 to 13 per cent. A low ratio of amino-acids to volatile bases was con- 
sidered by Amos and Woodman (be, tit, p. 356) as chemical evidence of spoiling. 
This seems a reasonable view, but we could not describe our samples as spoilt, 

1 Journ . Min, of AgH, 1925, XXXII, No. 2, p. 120. 
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Table IV. 


Amounts of constituents of green juar and of silage produced therefrom. Calculated 

on dry matter . 

Telinkheki Pit No. L 


— 

Bag 1 (top) 

Bag 2 (bottom) 

Green juar 

Silage 

Green juar 

Silage 

Crude protein .... 



4-76 

4*80 

4*02 

4*57 ‘ 

Ether extract ( x ) 



1-22 

2*10 

1*27 

2-66 

N-free extractives . 



59-15 

58*46 

59*55 

55-01 

Crude fibre .... 



27-42 

25*28 

26*55 

27*33 

Ash * * • • • 



7-43 

9*36 

8-71 

10-43 

True protein . 



3-40 

3*67 

2*95 

3*00 

Amides • . * . 


* i 

1-36 

1*13 

1*07 

1*67 


— 

Bag 1 

Bag 2 

Green juar 

Silage 

Per cent, 
inciease 
or loss 

Green juar 

Silage 

Per cent, 
inorease 
or loss 




OZ. 

oz. 


oz. 

oz. 


Moist material , 



816 

832 

+ 2*0 

820 

854*4 

4-4-2 

Dry matter ( 2 ) . 



208*8 

184-0 

—11*9 

208*3 

195-8 

—6*0 

Organiomatter ( 2 ) 


• 

193*3 

166*7 

— 13*8 

190*1 

175*4 

—7*7 

Crude protein 



9-0 

8*5 

—14-0 

8*4 

8*5 

4-1*4 

Ether extract ( 2 ) . 


* 

2*5 

10*0 

4-293*1 

2*6 

15*8 

4*496*4 

N-free extractives 


0 

123-5 

104*1 | 

—15*7 

124*1 

102*2 

— 17*6 

Crude fibre 


• 

57*3 

44*9 

—21*6 

55*3 

50*8 

—8*2 

Ash ... 


» 

15-5 

16-6 

4*7*2 

18*1 

19*4 

4-6*8 

True protein 


• 

7*1 

6*5 

—8*0 

6-1 

5*6 

—9*3 

“ Amides ” 


4 

2*8 

2*0 

-29-2 

2*2 

2*9 

4-30*9 


(*) Not taking into account the volatile organic acids of the silage, 
(*) Allowance made for silage volatile organic acids as acetic acid* 




200 


SILAGE EXPERIMENTS AT NACIPUR 


Table IV — contcl. 


Amounts of constituents of green juor and of silage jnoducid tJunfiotn. Cahvlatul 

on dry matter. 

Teunkheri Pit No. 2. 



Per cent, Dor cent, 

Green juar Silage increase Green juar Silage mcioaso 
or loss or loss 


Moist material . 
Dry matter (•*) * 

Organic matter ( 2 ) 
Crude piotom 
ISther extract (-) 
N-free extractives 
Crude fibre 
Ash . 

True protein 
“ Amides ” 


—2*0 
— 8-8 
— 9*1 
— 13*2 
+ 2815-9 
— 6*5 
-- 22*2 
+2*6 
+ 25*9 
— 60-0 


W 7^ tatol 8 mto aoo^unt the volatile organic acids of the silage 
1*) Allowance made for silage volatile oiganio acids as acotio acid. 
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Table IV — oontd. 

Amounts of constituents of green guar and of silage produced therefrom. Calculated 

on dry matter. 



Crudo protein 
Ether extract (*) . 
N-free extractives 
Crude fibre . 

Ash • 

True protein. 

** Amities M , * 


Moist material 
Dry matter (*) 
Organic matter <*) 
Crude protein 
Ethor extract (*) 
N-fieo extractive* 
Crude fibre % . 
Ash . 

True protein . 

<* Atnidcs.” . 


COLL1SG2S JPAEM PIT KO. 3 
BAG 5 


COLLEGE PABM PIT 
KO. 4 


Green juar 

3*51 

Silage 

3*34 

Green Juar 

2*97 

Silage 

3*32 

Groen Juar 

2*70 

Silage 

2*52 

1*63 

2-04 

1*48 

2*68 

1*18 

1*46 

50*17 

54*40 

59*62 

60*22 

60*21 

65*05 

29*55 

20-04 

27*32 

23*68 

28*50 

21*82 

0*13 

11*18 

8-50 

10*10 

7*89 

9*05 

2*52 

2*72 

2*52 

^ 2*05 

2*32 

2*29 

1-00 

0*62 

0*40 

0*67 

0-39 

0*23 


rirnnn ,>cr C( ' nt ‘ 

w Silage increase 
3mr or loss 


720-0 753-0 +3-2 661*9 688*0 +3*0 

228-2 105-2 —“144 101*1 180-8 —7*5 

207*3 173*4 — 16*3 177*4 102*0 —8*8 


8-0 0*2 -22-5 6-8 5*8 ±0 

3*7 1*38 -1-270*0 2*9 11*5 +209*3 

128*1 101*2 —21*0 115*7 105*0 —0*2 

67*4 54*0 —10*0 53*0 41*3 —22*1 

20*8 20*8 ±0 16*7 17*6 +5*0 

5*8 5*1 —12*0 4*0 4*6 —5*5 

2*3 1*2 —40*5 0*0 1*2 +30*0 


«) Kot t akin ? into account the volatile organic acids of the silage. 

•) Allowance made for allage volatile organic adds of the acetic aoid. 
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College Farm Tower Sxlo. 





Bao 8 

Bag 9 

Not fbom bags 




Gieen 

juar 

Silage 

Qioon 

juai 

Silage 

Black 

top 

iayoi 

Biown 

layer 

below* 

Yellow 
layer 
below * 

Crude protein 


« 

2-60 

2-92 

2*65 

2-94 

2*97 

2*78 

2*59 

Ethor extract ( l ) 


« 

1*44 

2-40 

1*47 

2*38 

2*62 

2*20 

2*42 

N-free extractives . 


* 

58-38 

57-94 

59-63 

55*86 

69-22 

68*56 

62*45 

Crude fibre 



29-36 

28-12 

27-05 

27*40 

16*43 

17-90 

23*13 

Ash 



8-20 

8-62 

9-30 

31-43 

8-76 

8-56 

9*41 

True protein . 


• 

2-00 

2-07 

2-00 

1*96 

2*93 

2*39 

1-98 

“ Amides M . 


• 

0-60 

0-85 

0-54 

0-98 

0-04 

0 39 

0-63 


Bag 8 


Bag 0 


jGreen juar 


Moist material , 
Dry matter ( a ) . 

Organic matter ( 2 ) 


oz. 

798-9 

250-1 

229-6 


Silage 


768-0 

232-0 

2X2-0 


Per cent 
increase 
or loss 


I <3 toon juar 


— 3-9 


oz* 

672-0 


— 7*2 243*8 

— ' 7-7 221-2 


Crude protein 
Ether extract ( a ) 
N-free extractives 
Crude fibre 
As h • • • 

True protein 
“Amides” 


6*5 

3-6 

146-0 

73-4 

20-5 

5-0 

1*5 


6*6 

10*1 

131-8 

64-0 

19*6 

4-7 

1-9 


4 - 2-2 
+ 181*0 
— 9-7 
— 12*9 
— 4*3 


6-2 

3-6 

145*4 

66-0 

22*7 


— - 5*8 


4*9 


+ 28-9 1*3 


Silage 


Per cent* 
increase 
or loss 


oz* 

725 

223*8 

198-2 

6-4 

12-0 

121-3 

59*5 

24-8 

4*3 

2*1 


+ 7-9 
— 8*2 
— 10-4 
- 1 * 2-7 
+ 235*1 
— 16-6 
-—9 7 
+ 9*3 
— 12-7 
+ 01-7 


(*) Not taking into account the volatile organic acids of the silage, 
O Allowance made for silage volatile organic acids as acetic acid. 
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Discussion of results. 

1. Change in total weight of crop during ensilage . 


(a) Moist weight 


No. of pit 

1 

i a 



I j 

4 

Tower Silo 

No of bat; 

l 

| a ;t | 

j 1 

4 

fi 

(5 

7 

8 

| i> 

Percentage change oi total weight 

+2 

-i *•» | -2-0 

— 0*5) 

\ 3-2 

i 

l-M 

f 

-~3 0 

+ 79 


Pits Nos. 1 and 3 were sprinkled with water during filling, hence the gain in weight 
is to be expected. The green fodder in 2 was dried in the sun before chaffing and 
sampling and no water was sprinkled on it, nor on No. 4. In these two pits, all 
the bags lost weight. During the filling of the tower silo, water was sprinkled on 
the fodder. Bag No. 8 has lost weight probably for 2 reasons — firstly owing to the 
high temperature developed and secondly by drainage owing to the largo weight of 
crop in the silo. Bag No. 9 has gained in weight since it was lower down in the silo 
than No. 8 and absorbed juice squeezed out from above. 


(b) Dry matter * 


No. of pit 

1 




!! 


4 

Towel Silo 

No. oi bag 

1 

2 j 

1 n 

4 

5 | 


7 

i 

a 

0 

Percentage change of weight 
of iljy matter. 

— u*y 

—0*0 


— 14*0 

— 14-4 

— 7*5 

— 12*0 

— 7»2 

—8*2 


None of these losses can be considered excessive. Such variations as exist bet- 
ween the various samples do not appear to be connected in any way with the kind 
of pit, addition of water, percentage of moisture in crop or temperature reached 
during ensilage. Bag No 5, in which one of the largest losses occurred, produced 
the best silage. 

Special remarks on tower silo . It will be remembered that abnormal temperatures 
were developed in the upper part of this silo. Various types of silages were in conse- 
quence produced at different levels. Wo have given analysis of bags 8 and 9 which 
represent the type of silage about half way up the silo and 8 to 4 feet from the bot- 
tom respectively. We have also analysed 3 samples of silage near the top. 

No . 7. The black layer 2 feet from the top. 

No. 2. A dark brown black layer. This was about 2 feet thick. 

No. 3. A yellow layer. This was perhaps 4 feet thick and the sample taken 
for analysis was just above the top bag. 

It will be convenient to summarise the analyses of these fhe samples together. 
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Composition of dry matter of silage from different levels in the Tower silo . 



Black 
top layer 

Brown 

black 

layer 

Yellow 

layer. 

Top bag 

Bottom 

bag 

Volatile organic acids . 




0*02 

4*35 

1*91 

l-ec 

2-90 

Non-volatile organic acids 




8*59 

8*02 

4*92 

6*02 

5*14 

Ammo acids 




0*00 

0*00 

0*15 

0*20 

0*37 

Volatile bases 




0*31 

0*44 

0*25 

0*46 

0*19 

Crude protein 




3*04 

2*84 

2*59 

2*92 

2*94 

Ether extract 




2*62 

2*20 

2*42 

2*40 

2*38 

N-free extractives 




69*15 

68*50 

62*45 

57*94 

55*85 

Crude fibre . 




16*43 

17*90 

23*13 

28*12 

27*40 

Ash < • « . 




8*76 

8*56 

9*41 

8*62 

11*43 

True protein. 




2*46 

2*38 

1*96 

2*07 

1-96 

“Amides” . 




0*58 

0*46 

0*63 

0*85 

0*98 

Maximum temperature°C 



. 

69 

68 

1 

•• 

62 

39*40 


These results are of interest in that the top black and brown layers were somew hat 
low in amides. The crude fibre in the black and brown layets was abnormally low 
and in consequence the Nitrogen-free extractives show a great increase. 


2. Changes in the nitrogenous constituents , 

It has already been stated that the crude protein content of our green crop as en- 
siled was only 2*5 to 5 per cent, reckoned on the dry matter, whereas the green oath 
and tares ensiled at Cambridge contained 10-13 per cent. This difference must be 
taken into account in considering the changes in the nitrogenous constituents. Amos 
and Woodman found that during ensilage the proportion oi tiue to crude protein 
diminishes. Our figures are as follows 


Amount of true protein expressed as percentage of crude protein , 


Rag No. 

1 



4 

5 

0 

n 

H 

9 

Green Jnar .... 

71 7 

72 5 


51*0 

72 5 

81 5 

86 1 

76 9 

79 0 

bil&go .... 

7e r> 

! 72 G 


78 4 

82 3 

79 3 

912 

. 

71 2 

<7*2 


Before considering these figures it will bo of advantage to combine Iho r< suits 
obtained in the analysis of the dry matter of the samples with those obtained in the 
titration of the extracts, as suggested by Amos and Woodman, in older to show in 
what form the “ Amide ” fiaction existed. 


* Journ. Agii, Sd XII, 1922, p. 3154. 
■ Journ> Agru XII, 1022, p. 3150, 









Per 100 grm dry matter , nitrogen expressed throughout as protein . 
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True aiftides . * X 21 1 51 i 0 92 1 08 1 43 0 22 2 32 0 42 0 75 0 82 0 S3 0 24 0 24 0 37 0 51 0 10 
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A study ot tho above two sets of figures shows results of interest when compared 
with the figures obtained by Amos and Woodman ( loc at.). With regard to tho 
first set of figures those authors found that the proportion of true protein to crude 
protein was much less in silage than in the green eiop from which it was produced. 
One would naturally expect this io be so, but our figures do nol lend themselves to 
similar conclusions. In only 3 eases, viz., bags 6, 8 and 9, are our result s in agreement 
with those of Amos and Woodman, and even in these cases the difference is not so 
great as found by them. Except in the case of bags 3 and 4, probably none of the 
differences fall much outside the experimental error. Bags 3 and 4 are of special 
interest since it will be remembered that the green crop was exposed for 12 hours 
to the sun before being filled into the silo and sampled. During this drying, tho pro- 
tein seems to have undergone a large amount of hydrolysis since the ratio of true 
protein to crude protein was only 55*3 and 51*0 per cent, respectively, the correspond- 
ing ratio in all other samples being well over 70 per cent. The proportion of true to 
crude protein in the silage from bags 3 and 4 was, however, high, viz., 80*5 and 78*4 
per cent, respectively. It certainly seems as though in those bags there has been a 
gain in true protein at tho expense of the “ Amide 95 portion. 

Our figures are peculiar in that the amount of amino-acid added to the volatile 
bases exceeds tho <e amide.’ 9 figure obtained by analysis of the dry matter in the 
silage of all bags except Nos. 8 and 9. This is shown by the minus figures for amides 
in the second set oE figures above. This is probably explained by I he loss of ammonia 
from the silage during the preparation of dry matter. 

Our results are in agreement with those of Amosand Woodman in that they show 
that the amino-acids form only a small proportion of the l< amides ” in the green 
crop and a much larger proportion in silage. 

Amosand Woodman 1 consider tho disappearance of true protein with the produc- 
tion of the corresponding amount of Amide to be typical of good silage. The absence 
of this change they consider to be chemical evidence of spoiling. Our silage gave 
no signs of being spoilt, hence in this respect our results arc not in agreement witli 
theirs. 

Amos and Woodman** found a high ratio of amino-acid to volatile bases in unspoilt 
silage. On this point also our results are at variance with theirs. 

In comparing our results with those of Amos and Woodman we must again em- 
phasise the very low nitrogen content of our green fodders as compared with 
theirs. This difference makes a comparison difficult. 

3. Change in ether extract. 

The increase in ether extract during ensilage after allowing for volatile acids was 
much greater in our experiments than in those of Amos and Woodman. Tho in- 
crease is largely due to the increased amount of organic acids and calls lor no special 
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remarks except that we agree with Amos and Woodman that lactic acid cannot bo 
the only non-volatile organic acid present in quantity. 

The following table illustrates this point. 


Ba# Ko. 



PLROLMAGB ON DRY MAT1LR 01 SILAOH. 



1 

*> 

.1 

1 

4 

3 

0 

1 

8 

0 

Hon-volatilo a< lditj calculated 
ua lactic acid.* 

3*00 

4 00 

2*33 

4 Id | 

—0*22 

5*00 

1 05 

8*08 

3*<ld 

Ether extract 

2-10 

2 06 

1*71 

2*00 

2*04 

2*08 

1 46 

2*40 

I 

2*28 


* After deducting non-volatile acidity of green fodder 


4. Change in crude fibre. 

The amount ot crude fibre decreased during the process of ensilage in all cases. 
The figures are summarized below : — 


Percentage toss of crude fibre dunng ensilage. 



1 

$$ | 

3 

mm 

D 

“ 

Bj 



Hag Ho. 

21 0 

8*2 

22*2 

20 o 







The loss is especially great in pit 2 (bags 3 and 4) and in pit 4 (bag No. 7) which, 
it will be recalled, were not sprinkled with water during filling. A consideration of 
bag No. 7 (table IV) indicates fairly clearly that tho crude fibre breaks down to 
form N-freo extractives. 

Bag No 7. 


Percentage in dry matter 

Green fodder 

Silage 

Nitrogen-free extractives 


• * • 


60*21 

65*06 

Crude fibre 

• 

# • • 

* 

28.60 

21*30 


Probably owing to the conversion of the N-free extractives into organic acids this 
change of crude fibro to Nitrogen-free extractives is not so marked in all cases, but 
it is distinct in the cases of bags 3 and 4 also. 


5. Changes in the Nitrogen-free extractives. 

Owing partly to the low nitrogen content of our green fodder, the Nitrogen-free 
extractives are 10 per cent, greater in the dry matter of our green fodder than in 
that grown at Cambridge by Amos and Woodman. It is probably owing to this 
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fact that our silage 3 are distinctly more acid than theirs. We have considered the 
relation of fibre to Nitrogen-free extractives in the previous section. 

6 « Changes in the inorganic constituents . 

These do not call for much remark. Usually it is found that the silage at the 
bottom of a pit contains the highest ash content owing to washing down of the soluble 
ash constituents from above. This is well illustrated by the tower silo in which 
the top and bottom bags contained 8*62 and 11*43 per cent, of ash in drv matter res- 
tipeevely. 

Our thanks are due to Mr Bam Narayan Kayasth, M.Sc., B.Ag., Assistant 
to the Agricultural Chemist, for help rendered in connection with the analy- 
tical work. 


Summary. 

Experiments have been carried out at Nagpur in order to determine the amount 
of loss and the change in composition taking place during the conversion of green 
juar fodder {Sorghum mlgare) into silage. The experiments were carried out in 
three types of silos. 

1. Pits dug in the trap rook. 

2. Pits dug in the black cotton soil. 

3. A tower silo built of brick and lined with cement. 

The effect of varying the moisture content by either withering the crop in the sun 
or by the addition of water was also examined. 

The following conclusions may be drawn : — 

L Juar fodder contains only from one-fourth to one-half as much nitrogenous 
materials as docs the green fodder, e.g., oats and tares 1 and maize 2 used in English 
experiments. The nitrogen-free extractives are in consequence much higher in the 
Indian material. 

2. Good samples of silage were produced which were readily eaten by cattle. 
There seems to be no advantage derived from sprinkling the crop with water or from 
withering in the sun previous to ensilage. 

3. No differences in the composition of the silage or in the losses occurring could 
be observed between silage produced in pits dug in the black cotton soil and in trap 
rock respectively. There is some indication that the fermentation ceases more 
quickly in the black soil pits than in the rock pits. As regards the tower silo, that 
portion of the silage which was below ground level showed no obvious differences 
from silage produced in pits. In the above ground portions of the silo, however, 
the temperature had run up abnormally high. This is almost certainly due to the 

1 Amos. and Woodman, hoc . cit. 

a Annet and Russell. Jo urn. Agi L jSgi., 1908, II, p. 38.2, 
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exposure of the outside of the silo to the direct sun. 1 The temperature in the top 
layer of this reached 69°C and just above ground level was 62°C. In consequence, 
the top few feet of the silage were black and caramelization had taken place. This 
black substance was, however, strongly acid and was eaten by cattle though not with 
great relish. 

In all other cases the maximum temperatures reached were on the high side, 
varying from 36-6 to 44-l°0. None of our silages were sour silages and in this res- 
pect our work confirms that of Amos and Williams 2 . 

4. The total change in weight after ensilage was very small in all cases, usually 
amounting to 2 or 3 per cent, either way except in the case of tlie bottom bag (No. 9) 
in the tower silo. This gained 7-9 per cent, in weight and this gain must have been 
due to drainage of juice from the great weight of silage above it. There was, how- 
ever, a loss of dry matter varying from 6 to 14-4 per cent. This appeared to be least 
in the tower silo, but, otherwise, the differences observed do not seem to be in any 
way related to the various conditions under which the silage was made. 

The losses in weight above referred to do not take into account losses at the top 
of the silos through mould development. These losses were greatest in the tower 
silo, because in addition to a loss at the top there was much shrinkage from the walls 
due to the great heat developed and this outside layer was thoroughly mouldy 
and useless. In the case of the pits, only the top layer was unfit for feeding. 

5. Amos and Woodman {be. cit,) found during the process of ensilage that the 
proportion ot pure to crude protein considerably diminished and considered this an 
indication of good silage. Wo have not observed this change. Indeed, in one case 
in which the green crop was wilted in the sun for 12 hours before ensiling, the propor- 
tion of pure to crude protein diminished to a great extent, yet in the resulting silage 
the proportion of pure to crude protein actually increased largely. This would ac- 
tually indicate a resynthesis of protein from the amide 99 fraction during ensilage. 
This is admittedly quite contrary to one’s expectation. 

Amos and Woodman also conclude that in good silage the ratio ot amino-acids 
to volatile bases is high. We found a low ratio in all cases. Possibly the difference 
between our results and those of Amos and Woodman is due to the low nitrogen 
content of our fodder. 

6. Our silages contained much more volatile organic acid and distinctly less non- 
volatile acid than the Cambridge samples. Butyric acid appeared to be absent from 
all our samples. 

7 . Our results indicate that part of the crude fibre breaks dovn during ensilage 
into N-iree extractive. Part of this, however, is changed to organic acid ; hence 
the gain in nitrogen free extractives due to the breaking down of the fibre is not 
always obvious. 

1 Since these remarks were written our attention has been called to the fact that Amos and 
Woodman (J. Agri . Sci. t XV 1925, p. 447) observed a temperature of 60*5°C. in a clamp silo at 
Cambridge. 

* Amos and Williams. Jovm. Agri. 8ci n 1922, XXI, p* 323. 
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Object of tbe enquiry. 

The present enquiry tonus a companion to the nutrition work 1 on cows which 
was recently reported. In the first paper the requirements for milk production wore 
studied. In the present paper the requirements lor growth are dealt with. The 
object of the work was to determine the requirements for growth using Indian food- 
stuffs and to compare the results obtained with the standard rations which Lav© 
boon worked out lor growing cattle in other countries. 

Experimental procedure* 

1. Two groups of six cross-bred heifers, the one group somewhat older than tho 
other, were selected for the work. The details regarding their ages and live weightB 
are given in Table VI. The food consumption of all the animals was accurately 
measured during a period of 116 days and the live weight increases during this time 
wore determined by weighmenta on 3 consecutive days at regular intervals. 

2. Rations . The rations given were those commonly used in the dairy here. 
The younger lot received daily 2 lb. of mixture (consisting of 7 parts bran, 3 parti 
cotton seed meal and 5 parts gram husk), 1 lb. of groundnut cake, 5 lb. silage and 
hay as much as they could cat The older lot received 3 lb. mixture, 1 lb. cake, 10 
lb. silage and as much hay as they could eat. 

3. Feeding time-table. Half the concentrate r tion, soaked overnight, was fed 
in tho morning. Silage was fed after tho concentrate had been licked up. The 
silage was usually finished up in less than half an hour. Any silage residue that 
there happened to be was removed and weighed. Hay was then fed in weighed 
amount* and the hay residues wore removed after 1| hours for weighmont. Tho 


1 Memo. Dept. Agn. India, Ohem. Ser. Vol. VHI, No. 8. 
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animals were then let loose in a bare paddock until 3 p.m. when they were tied up 
again. The afternoon feeding then proceeded exactly as above. The animals were 
let loose again at night usually at 9 p.m. 

4. One of the animals (No. 8) became ill very soon after the experiment started. 
The symptoms were slight scouring and complete loss of appetite. It was treated 
and recovered condition, but for the major part of the experiment it was unwell. 
The remainder were quite well. All had a bright appearance throughout and put 
on weight satisfactorily, but they did not fatten appreciably on the ration given. 

5. A digestion experiment with all the animals was undertaken on 16th Septem- 
ber 1924 and concluded on 25th September 1924. 

8. The experimental results will be considered under the following heads : («) 
Digestion experiments, (6) Live weight increases, (c) Total food consumption and 
requirements for growth, (d) Comparison of our results with tho Armsby 1 and Wolff 
Lehmann a feeding standards for growing dairy cattle. 

Digestion experiments. 

The results of the digestion experiment are shown in Table I. It will bo noticed 

Table i. 

Actual digestion coefficients of the mixed ration. 


No, 

3>ry 

matter 

Organic 

matter 

I’NltlO 

proteia 

Killer 

extract 

Ti tub) 
Fibre 

Nitrogen 

free 

extract 

Carbo- 
hydra! (ft 

NutUtlvc 

ratio 

I 



47*04 

C0-88 

60 90 

78*10 

50*77 

42*58 

48*53 

5 971 

2 



61-57 

54*15 

62*52 

74*64 

58*11 

47*70 

52*13 

0 677 

8 



40-00 

52-02 

62-69 

74*81 

58*88 

40*87 

49*52 

6-042 

4 


• * * • 

40-20 

52-04 

62*15 

07-46 

57-04 

45-33 

60*21 

5*515 

5 



48-90 

52*18 

58 60 

74*45 

57*05 

44*95 

60*11 

6*887 

6 



52-24 

55*12 

62*28 

76*15 

57-64 

48-03 

52*68 

5*915 



AVERAGE 

49-82 

52-82 

01*51 

73-48 

56-75 

45*98 

MK>7 

o-owT 

7 


* » * 

58-44 

56-99 

58*15 

70*57 

62*70 

C0 73 

56*7iT 

*7-708 

8 



55*76 

58-80 

62 02 

75*63 

64*29 

52*38 

57*30 

6-878 

0 


• * V 

51*94 

54M2 

60 20 

74-22 

60*56 

47*00 

12-78 

7* COS 

10 


* t 1 

52*64 

55*54 

62 06 

73*42 

<10*16 

48*18 

53*78 

6-519 

11 



55*70 

58*51 

62 42 

70-63 

63*14 

52*82 

67*14 

0*711 

12 



48-88 

52*90 

60*19 

72-28 

55*31 

45*42 

40*55 

0-134 



^YERAGK 

58*04 

56*21 

00*84 

78*77 

61*03 

49-42 

54*39 

0-826* 


that there are appreciable differences in the digestive capaoitios of indi vid uals. The 
digestion of organic matter is found to vary between 50-9 per cent, and 55-1 per cent, 
for the younger group and between 52-9 per cent, and 58-9 per cent, for the older 
group. As the organic matter consists mainly of fibre and nitrogen free extract 
or taking the fibre and nitrogen free extract together, of carbohydrates, the diges- 
tion of fibre, nitrogen free extract, carbohydrates and organic matter run parallel 
with one another and any one of these sets of figures is equally representative of tho 
individual variations in digestive capacity. The individual variations in protein 
and et her extract digestion are also appreciable, but the figures do not run parallel 

1 Armsby, The Nutrition of Farm Animals* 

* Quoted by Henry and Morrison in Feeds and Feeding. 
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with the other results. Thus, while high digestion of carbohydrate is necessarily 
associated with high digestion of organic matter, it does not follow that the digestion 
of protein is also high. Another noteworthy point is that protein and ether extract 
are about equally well digested by the two groups. The most important fact brought 
out by this table is that the older group possesses a decidedly higher average diges- 
tive capacity for the ration as a whole. Of the total organic matter consumed the 
average amounts digested by the two groups were 56-2 per cent, and 52*8 per cent, 
respectively. This difference is due to the better digestion of fibre, nitrogen free 
extract and total carbohydrates by the older group. In spite of appreciable indi- 
vidual variations the group average digestion coefficients are distinctive for the two 
groups and may be applied to the individuals without serious error. The group 
averages will be employed later for important calculations. There arc certain 
complications in these digestion results which must be considered next. In the 
first place, no two animals received rations of identical digestibility. This was due 
to the fact that concentrates and silage were fed in fixed amounts, whilst hay was 
given ad lib . and was consumed in very different amounts by the individuals. There- 
fore the proportion of the least digestible ingredient, the hay, was different for each 
animal. Secondly, the bulk of ration consumed in relation to the bulk or body 
weight of the animals varied considerably for different individuals. It is a well 
known fact that digestibility is materially influenced by the bulk consumed. The 
nutritive ratio of the food also varied and this doubtless influenced its digestibility 
also. Table II shows the extent to which these factors varied during the digos- 
tion experiment. We have now to consider whether these variations in the ration 
are responsible for observed variations in digestibility. 


Table II. 

Bulk and nature of ration consumed . 


No 

Total 

dry 

matter 

CONSUMPTION IN LB. 

tUtio 

Hay 

COR'*. 

Ratio 

Rough 

cone. 

Nuiritho 

ratio 

% diges- 
tion of 
dry 
matter 

FEE 1000 EG MVB WEIGHT 

Bay 

Ifay and 
Silage 

Total 
dry wt. 

1 




8*401 

15*80 

18*21 

20 87 

1*694 

2*103 

5*971 

47*94 

2 




9*061 

10*81 

21*01 

29*28 

2*033 

2*642 

5*577 

61*67 

3 




8*487 

15*30 

19*93 

29*37 

1*021 

2*m 

6*642 

49*00 

4 




8*007 

15*83 

18*64 

28*12 

1*400 


5*515 

40*20 

5 





17*06 

21*85 

30*25 

2*102 


0*887 

48-90 

6 




8*862 

16*51 

20*67 

30*52 

1567 

2*000 

5*019 

52*24 



AVERAGE 


8*817 

15*48 

20*03 

29*07 

^ 1*728 

2*232 

5*918 

49*82 

7 




wmm 

11*65 

17*08 

24*20 

1*686 

2*399 

7*708 

53*44 

8 


. . 



0*57 

15*54 

23 99 

1*184 

1*842 

6*878 

55*76 

9 


• + 



18 84 

19*37 

26*64 

1*906 

2*068 

7*508 

51*94 

10 





1182 

17*04 

25*28 

1*436 

2*070 

6*519 

52*54 

11 




Bit 

11*88 

17*96 

20*77 

1*849 

"MTTT1 

6«7U 

55*70 

12 




mM 

10*22 

1615 

23*92 

f . 

1*315 

2*077 

6*134 

48*88 



AVERAGE 

* 

11*614 

11*49 

17*19 

25*18 

1*462 

2*182 

6*825 

53*04 
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Taking first the nutritive ratio, digestion should bo bettor with a narrow 
nutritive ratio. Wo find that No. 4 with the narrowest nutritive ratio 1ms only 
average digestive capacity, whilst No. 2 witli a wide nutritive ratio has attained a 
digestion which is above the average. In the older group No. 7 with a wide nutritive 
ratio has done bettor than No. 12 with a narrow ratio. In those ea son the digestion 
is not proportional to the nutritive ratio. An examination of the ratio of huy to 
concentrate and of the bulks consumed pox 1,000 lb* live weight show similarly that 
the differences found in the digestive capacity are not related to these [actovtf. ^ These 
examples show that in our experiment the factors considered do not vary sufficiently 
in degree to produce differences comparable with differences due to individual diges- 
tive capacity. The group averages, however, bring out one point which cannot bo 
overlooked. The younger group consumed a larger bulk per 1,000 lb. (column 4) 
and more hay in proportion to concentrate (column 5). For these reasons digestion 
by the younger group should be lower, and it is so. It is an important matter from 
a practical feeders* point of view to know the rate at which young growing cattle 
develop a capacity for digoating roughage. From the average results of Table l 
it might be concluded that a marked increase in digestive capacity occurs during 
growth from 270 11b. live weight to 410 lb. live weight. We ace now, however, that 
the observed difference in digestive capacity may be partly accounted for by 
differences in the bulk consumed and in the proportion of hay oaten. Our results, 
therefore, do not give any conclusive evidence regarding the rate of increase oi 
digestive capacity. The figures of these two tables show, however, that for purposes 
of subsequent calculations the group average digestion results are significant and 
characteristic. 

In Table III the actual digestion found by experiment is compared with the 
digestion obtained by computation using American coefficients but allowing for the 
fact that the protein of our hay and silage is somewhat loss digestible than the 
American coefficients indicate. The coefficients used for the computation wore as 
follows : — 


— 

Protein 

Ether 

extract 

Fibre 

Nitrogen 

free 

extract 

Hay 

♦ 

m 

• 

• 

A 

. 

0 

37 

54 

47 

Silage 

* 

ft 

• 

* 

ft 

• 

38*0 

53 

! 

58 

63 

Mixture 


• 

• 

• 

• 

• 

72 

07 

29 

66 

Cake 

• 

• 

• 

* 


- 

90 

89 

49 

57 


In using these coefficients the actual average chemical composition of each of the 
foods consumed during the digestion experiment was taken into account. Table 
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III siiows that the actual digestion of protein and nitrogen free oxtract is lo.' S than 
che computed amount, whilst the actual digestion ol fibre and other extract is 


Table 111 . 

Actual and computed digestion. 


— 

Organic 

nmttei 

I'rotein 

No. 1. Actual 
Computed 
Different*# . 





r>o-H* 
nu*4 1 

—5 50 

00-90 
09*51 
— 8*01 

No. 2. Actual 
Computed , 
Difference . 





31*15 
55*48 
— w» 

02 52 
07 40 
— 1*94 

No. 3. Actual 
Computed . 
Difference 





52*02 

50-55 

—4*55 

02-09 
09 49 
—0*80 

No. 4, Actual 
Computed . 
Difference . 





52*02 

50*79 

— 1 17 

02*15 

70*10 

—8*01 

No, 5, Actual 
Computed , 
Difference 





52-15 

55*55 

--5*22 

58*00 
07*20 
-8 00 

No. 0. Actual 
Computed . 
Difference . 





55*12 

50-51 

—1*50 

02*25 
09*09 
- 7*10 

Average difference 




—8*55 

—7*21 

No, 7. Actual 
Computed , 
Difference . 





50*99 

55*87 

11*12 

58* 1 5 
05 29 
— 7*1 1 

No. 8. Actual 
Computed . 
Difference 





58*89 

57*10 

1* 1*73 

02*02 

08*85 

—0*88 

No. 9, Actual 

Computed 

Difference 





51*42 

53*84 

—0*92 

00 20 
01*00 
— 3*h0 

No. 10. Actual 
Computed . 
Difference 





55*34 

50*21 

*—0*07 

02*00 
00*97 
— 1*91 

No. 11. Actual 
Computed » 
Difference . 





58*51 
50* 17 
4*2*0 1 

02*12 
07*07 
— 1*05 

No. 12. Actual 
Computed . 
Difference . 





52*90 

30*01 

—8*71 

00 IS) 
00*82 
--0 08 

Averasje difference 

• 

* 


—0*07 

—5*59 


nine 

Nil KWH 

otiiut 

Cai bu- 
ll vdi at es 

Dnt 

Nutritive 

latlo 

50*77 

i 2 *r.M 

48 53 

73*10 

5*971 

50 58 

50* 10 

53 98 

07*89 

5*420 

-1 0*21 

- 18*Hh 

— 5* 15 

4 >21 


58*11 

47*70 

32*13 

71*04 

0*577 

51*00 

55*2*1 

33*10 

oo* n 

0*172 

-1*7*05 

—7*51 

—1*33 

+8*23 


58*88 

15*87 

19*32 

71*81 

5*042 

30*52 

50*83 

53*90 

07*85 

5*439 

48*20 

—9*90 

— *4*38 

+ 0*90 


57*04 

15*33 

50*21 

07*40 

5*515 

30*88 

50*01 

51*17 

08*38 

5*189 

4 0*71 

— 1 1 *58 

- 3*90 

—0*92 


57*05 

11 95 

50* a 

71*15 

0-887 

51*12 

55*07 

53*38 

00*21 

0*282 

| 5*98 

—10*12 

- -3*27 

1 8-21 


57*01 

18*93 

| 52*58 

70*15 

5*919 

50* 18 

50*58 

51 91 

OS-03 

5*350 

1 7*10 

- 7*05 

- 1 * 18 

1 8*12 


-1 3*98 

—10*12 

- -11*30 

+ 5*81 


02*70 

50 73 

55 79 

70*57 

| 7*708 

31*08 

5l>*07 

51*28 

05*09 

0*002 

-f 11*07 

—5*91 

1 1*51 

4 H*4H 


01*29 

52*88 

*>7*30 

75*53 

0*878 

50*28 

58*80 

53 00 

07*18 

5*492 

+ 11*00 

- 5*98 

I 2*30 

} 8*45 


00*50 

17*00 

52*78 

74.22 

7*503 

51 80 

53*94 

53*90 

64*20 

7*109 

4 0*20 

—8*01 

—1*18 

19*06 


00*10 

18*18 

53*78 

73*42 

0*519 

50*45 

57*00 

51*29 

00*89 

6*035 

*1 9*71 

— 8*88 

—0*51 

4 7*83 

0*711 

08*14 

52*82 

57*1 i 

70*58 

5*933 

50*18 

57*47 

51*55 

00*23 


1 12*00 

— 1*05 

4 2*59 

+ 4*80 

0*134 

53*81 

15*42 

49*55 

72*28 

5*097 

50*01 

57*72 

54*70 

00*14 


-I 4*07 

- 12*80 

- -5*21 

4 6*14 


1 10*38 

— 7*78 

—0*08 

+ *94 



more. In these respects the results agree with the similar c mparison of the com- 
puted and actual digestion effected by cows. Looking at the average results for the 
two groups it may bo noted that the actual digestion of organic matter and carbo* 
hydrates is almost equal to the computed amount with the older group. With the 
younger group the actual digestion is decidedly lower than the Computed. By both 
groups the fibre is actually bettor digested tban computation indicates, but here 
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again tie older group allows a groater excess of actual over computed digestion. 
These figures prove in another way, i,e., by comparison with a Standard, that the 
older group was more efficient than the younger group in carbohydrate digestion. 

Finally, the table shows that the American coefficients used for the computation 
are not accurately applicable to our food-stuffs. There is, for instance, no reason 
why every animal should digest more fibro and less nitrogen free extract than the 
computed amounts. Further, from this table it would appear that tho older group 
actually digested organic mattor to an extent which was practically equal to the 
Standard. Seeing that the animals wore consuming a fairly heavy productive 
ration of about 28 lb. per 1 ,000 lb. live weight, such efficient digestion does not sewn 
likely. This affords another reason for concluding that the coefficients used for the 
computation are not strictly applicable to our food-stuffs. 

Digestion experiments with bullocks on our food-rtuffs wore also* carried out at 
Bangalore. With these digestion data the computed digestion by out heifers can 
be calculated exactly as it was done by using American coefficients. We thus 
obtain two sots of computed results, namely, those based on Bangalore bullock 
digestion experiments and those based on American coefficients. Those two sets 
of computed values together with the actuals are shown in Tablo IV. In this table 


Tabi.k IV. 

Comparison oj actual and computed digestion. 


— 

Actual 

dlKCHtlon 

Knit, 

ORUDIS JfIKRK 

A< titftl 
(liKcHtloii 
«rm. 

NlTItmiUN KHKM 
hATUAi’T 

KXOKHH BY COM MUTATION 

14X01 HM BY COM DOTATION 

American 

roafltrtontH 

DanKvloie 
CM* Hit leutH 

American 

cuulIlclimtH 

HanKHlurc 

eoMUrlentis 

No. 

1 




707*4 

—77*7 

-} 15*3 

735*8 

•1 230*8 

■■ffMM 

No. 

2 . 




854-0 

—103*0 

4 0*0 

045*8 



No. 

3 . 





- 42*0 

m 

803*5 

I 172*7 


No. 

4 . 




071*8 

—70*1 

iflUE m 

747*5 

! 101*0 


No. 

5 . 




850*5 

—80*0 


008*0 

1 204*4 

1 ' ■ 

No. 

6 , 




707*4 

—87*0 

■K m 

834*7 

i 130*4 

•I 100*0 




AVERAGE 


745*2 

—70*0 

4 18*1 

820*2 * 

] 181*8 

1 150*0 

NO. 

7 . 




1178*0 

—218*4 

— 81*7 

1296*0 


m 

NO, 

8 . 




025*7 

- 202*5 


1070*0 

■ 


No, 

0 . 




1244*7 

--100*8 

— 80 7 

1200*4 



No, 

10 . 




1010*5 

—184*1 

- 61*0 

mosi 

4 204*5 


No. 

n 




1080*4 

--200*5 

- 80*7 

1203*8 

4 105*4 


No. 12 * 




014*8 

—77*1 

1 43 8 

1047*2 

4 283*5 





AVERAGE 


1051*5 

—170*8 

- 48*4 

~~ TmT 

" l " 4 185*7 

4 127*0 


the comparison has been limited to the figures for tho digestion of fibre and nitrogen 
free extract and only the differences between the computed and actual amounts 
are shown. It should be noted too that the figures refer to the quantities of material 
digested and not to percentage digestion. The results are perfectly regular for 
each group and indicate that the Bangalore coefficients diverge less from the actuals 
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and are a better basis for estimating the digestibility of our foods by growing heifers. 
From the figures of Table IV the average computed and actual daily digestion effected 
by the two groups has been calculated and is shown in Table V. This table is an 

Table V. 


Group average computed and actual digestion %n grm, per day . 



Fibre 

Nitrogen 

free 

extract 

Carbo- 

hydrates 

Difference 
between 
computed 
and actual 


r Actual .... 

746*2 

829*2 

1674*4 

• * 

Younger group 

American Computation 

006*3 

1010*6 

1676*8 

101-4 

Bangaloio Computation . 

703*3 

988*2 

1761*6 

177-1 


Actual .... 

1061*6 

1171*1 

2222*6 

, , 

Older group , 

Araeiioan Computation 

871*7 

1366*8 

2228*6 

6*9 

^ Bangalore Computation 

1003*1 

1298*1 

2301*2 

i 

78*6 


important summary of the digestion results obtained with the two groups and re- 
quires notice. The main point to bo observed in Table V is that while the computa- 
tion based on Bangalore digestion coefficients is nearer to the actual result both for 
fibre and for nitrogen free extract yet when we come to examine the carbohydrate 
figure (which is fibro+nitrogen free extract) we find that the Bangalore computation 
diverges more than the American computation from the actual. Tho reason for this 
peculiarity is made evident by an examination of the detailed data, but the signi- 
ficance of the difference remains to be considered. The Bangalore coefficients were 
determined by using the same food as that given to the heifers. There is no doubt 
that they must bo a better measure of the digestibility of these foods than American 
coefficients determined from American foods. The meaning of the greater diver- 
gence of our Bangalore computation is made clear by examining the carbohydrate 
digestion effected by the older group of heifers. We find the actual digestion is 
practically equal to the computed amount obtained from American coefficients. 
But these heifers were on a heavy productive ration which is never quite so per- 
fectly digested as a moderate ration. If the coefficients used are correct there ought 
to be a divergence and there is not. The divergence between the actual and Banga- 
lore computation is in the right direction, and as far as we can judge, it represents 
the true differences in digestion which are due to the combined effects of age and 
ration bulk upon digestibility. We have to conclude that carbohydrate digestion 
was about 10 per cent, below normal in the younger group and 3*4 per cent, below 
normal in the older group 

live weight increases* 

The data relating to live weights are shown in Table VI. The total live weights 
increase and the average daily increase are the most significant figures. They 
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measure the productive effect of the ration. The growth of all the younger group 
was satisfactory and fairly uniform, with Nos. 2 and 5 somewhat betier than the 
others. Of the older group two did very well, two were modeiato, one No. 10 was 
unsatisfactory and No. 8 was a failure. The last animal was ill tor a part of the 
time as already mentioned and left large residues of its ration. As its food consump- 
tion could not be accurately determined it has boon oxcluded from all further con- 
sideration. The figures giving increases during successive 3 week periods and during 
the first week show that the rale of increase was high at the commencement of the 
experiment. It is almost certain that a part of the increase at the initial stage was 
due to a sudden increase of food consumption with a consequent distention of tho 
digestive tract. A similar effect has already been referred to in the case of cows, 
and other examples of the kind have been noted recently at Bangalore. Any serious 
effect due to distention may be discounted almost completely by excluding the first 
bet of average weights. We thus obtain the average daily increase during 14 weeks. 
These figures will be used later for estimating the productive value of the ration. 
The 4th period calls for some remarks. This period included the digestion experi- 
ment and also a spell of very bad rainy weather. It will be noticed that most of 
the older group did badly during this time. We have to ask ourselves therefore 
whether this unfavourable result, is to be attributed to restivenoss under the cons- 
traints imposed by the experiment. There is no doubt that the animals were restive. 
No. 7 was particularly troublesome and No. 10 was not good. A groat deal of time 
was spent in training those animals for the test. The failure to put on weight at this 
stage seems therefore to be clearly related to the inconvenience which the animals 
were subjected to. This conclusion is supported in a sense by tho figures for the 
younger group. The latter wore all docile and tame ; they took to the new condi- 
tions without resistance and immediately, and they were quite unperturbed 
throughout the test. It will be noticed that these animals showed normal live 
weight increase during this period. From these facts it seems reasonable to con- 
clude that the failure of tho older group at this stage has to be attributed to their 
restiveness under the experimental conditions. On the other hand, it has to be 
noted that there was no falling off in food consumption at this time. Consumption 
was practically at its highest point and the digestion attained was very good. The 
assimilated nutrients and net energy being normal, it is scarcely to bo credited that 
metabolism was so much increased by the conditions of the experiment as to stop 
growth. It is a well known fact that increase of body substance may be proceeding 
3teadily, while the live weight undergoes great fluctuations due to differences in 
the amount of fluid retained in the alimentary tract. Differences of this kind in the 
fluid content can persist for considerable periods and it is possible that the anomalies 
in our live weight increases are due partly to such a cause. It may be remarked 
here also that if the metabolism had been very materially enhanced, the balance 
of food energy for productive purposes would have been correspondingly reduced 
and the apparent net energy required to produce a unit ot body increase would have 
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become higher than the normal. Figures given later show iliat the gains wcio 
made fairly economically and therefore metabolism could not have been increased 
abnormally. It is clear from this lengthy discussion, however, that the older group 
suffered certain derangements during a part of the feeding test and the results 
obtained from them cannot be as uniform or as accurate as the results from the 
younger group. 

Food consumption. 

The total food consumed during the entire feeding test of I J C days is given in 
Table VII. This table requires very little explanation. The mixture, cake and 


Table VII. 

Total food consumption during 116 days in lb. dry matter. 


No. 

Mixture 

Cake 

Silage 

Hay 

Total 

Daily 

average 

Group 

average 

dry 

matter 

1 

* * 

212*6 

103-3 

134-3 

473*1 

023*3 

t-m 


2 

• • 

218-0 


134*3 

697*1 

1004-0 

0*086 


3 

* • 

212-6 


131*8 

460-7 

007*6 

7-823 

8*102 

4 


206*4 


134*3 

448*6 

892*0 

7*695 


5 

» m 

218*9 


133*2 

677-7 

1033-0 

8-000 


6 

« * 

200*4 


134-3 

420-3 

870-0 

7*503 


7 

• « 

322-1 


268*4 

761*6 

1446*0 

12*400 


8 

* • 

322*1 


268-2 

763*8 

1447-0 

12*480 


10 


316*8 


261*7 

036-2 

1316*0 

11*340 

11*682 

11 


309-6 


260-0 

019*7 

1293-0 

11-150 


12 

* » 

316*6 


261*2 

693*9 

1274*0 

10*980 



silage were fed in fixed amounts and were practically completely consumed. Thoie- 
fore the consumption of these ingredients was almost identical for all the animals 
in each group. The chief difference lies in the consumption of hay which was fed 
ad lib. and consumed according to each animal’s capacity. Tho dry matter of each 
ingredient was determined daily throughout the experiment and composite samples 
were prepared for analysis. The average composition of tho food-stuffs used is 
given in Table VIII. 

Table VIII. 


Average composition of food-stuffs in terms of dry substance. 



Mixture 

Cake 

Silage 

Hay 

Crude protein . 





16-00 

57*31 

5-79 

2*31 

Ash 

• 

• 

. 


7*50 

4*75 

8*28 

7*63 

Ether extract . 

. 

• 



4*53 

8-07 

1*87 

1*50 

Crude fibre 

. 

. 

. 


23*36 

4*86 

39*86 

41*06 

Nitrogen free extract 

mmmmmrn 

* 

— 

58*61 

25*01 

44*71 

47*50 
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Requirements (or growth production. 

The procedure employed for determining the requirements for growth produc- 
tion is exactly the same as that used and described fully in the paper on Require- 
ments for milk production. The outline of the procedure is as follows. From the 
data for total food consumption the total digested nutrients and net energy 
are calculated. From this total is deducted the amount required for maintenance. 
The difference figure thus obtained is the amount of nutrient available for growth. 
The increase in weight being known we can calculate the amount of nutrient or net 
energy requirod per lb. of gam. 

The total digested nutrients and net energy. 

The determination of total digested nutrients and net energy has been made in 
three ways : — 

1. By using standard American digestion coefficients exactly as in the case of 
the cows. The results of these calculations will be spoken of as the 
computed values. The factors used for this computation are given in 
Table IX. 


Table IX. 


Factors used for commuted digestion. ( These data are taken from Henry Morrison 

and Armsby.) 


Assimilated from 100 lb. dby substance 


Mixture . 
Cake 
Silage 
Hay 



Protein 

Organic 

matter 

Total 

digestible 

nutrients 

Net 

energy 




11-00 

54*32 

59-38 

51-19 




47*93 

78-84 

88-91 

104*80 



* 

2-63 

55-70 

58*33 

48-25 

* 

* 

mmtmm 

4-28 

49-73 

51-23 

43-23 


2. By using the digestion coefficients found for each animal by experiment. 

The results of these calculations will be spoken of as the individual 
values. 

3. By using average digestion coefficients which were found to apply to each 

group. When discussing the digestion results (Table 1) it was pointed 
out that while there were appreciable individual differences in digestive 
capacity, on the whole there was a close agreement between all the 
animals belonging to one group, while there was a marked difference 
between the two groups. To bring these facts once more clearly to 
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our minds tlio average digestion attained by the two groups is given 


again hero. 


Digestion coefficients for the 2 groups of heifers. 


— 

Protoin 

% 

Ether 

extract 

% 

Fibre 

% 

Nitrogen 

free 

oxtmcl 

% 

Total 

carbo- 

hydrate# 

% 

Total 

organic 

matter 

% 

Younger group 

Older group 

01*51 

00-S4 

73*43 

73*77 

50*75 

01*03 

40-08 

40-42 

1 

00-01 

04-30 

52*82 

56*21 


The total digested nutrients and net energy calculated from individual 
cients and group average coefficients are given in Table X. 


coelli- 


Tablh X. 


Comparison of total digestion detenuined by individual coefficients and group average 

eoeffieU nts. 


— 

IToteIn 

ll>. 

, T»dal 
dlgeMtlWe 
nutrient h 
ii». 

> s 

X 

zjj 


Pint eta 
III. 

Total 

digeHtible 

MilrloniB 

lb. 

Net 

energy 

therm* 

No. 1. 
Individual 

Average , 
Difference 


08* t7 
<HS*8f» 
— 0*0H 

uu-t 
-178*0 
— 10*0 

417*4 
488*0 
— 15*0 

, No, 7. 

lu<U\ Ulual . . 

Average , 

Difference 

88*1*2 

87*38 

—3*80 

800*8 
789*0 
•\ i 1 ‘8 

7to*7 

7«W> 

4 9*7 

No. ii. 
Individual 

A wage 

Different 


7 2*30 
71*22 
■4 1*17 

r»7*a 
510*7 
l 1+5 

£*0l*0 
489*3 
| 12*8 

A o. S, 
Individual. 




No. 3. 
Individual 

Average , 
Difference 


09*88 

08*57 

hl-31 

400*0 
470*2 
— -6*0 

420*2 

420*7 

--0*5 

^ o. V . 
Individual 

Average* . 

Difference* 

80*49 

87*41 

—0*92 

700*0 
790*0 
— 2+4 

079*0 

701*9 

—22-8 

No, 4 . > 
Individual 

Average . 
Difference 


08*00 

07*89 

+0*71 

450*0 

402*5 

—8*5 

418*5 

420*0 

— j*r» 

Iso. 1th 
Individual 

Average . 

Ditferoim* 

80-00 

84*89 

■4 i*7l 

727*0 
719*0 
•4 7*1 


. No. 6, 
Individual 

Average 

Difference 


07*55 

70*91 

— 

527*2 

588*4 

—0*2 

475*8 

480*5 

—5*2 

No, 11. 
individual 

Average * 

Difference 

80*22 
84*04 
-l 2*18 

738*4 
707*0 
■4 25*8 

m 

No. 0 . 
Individual 

Average 

Difference 


08*07 

07*58 

*1*0*79 

470*7 
451*3 
| +19*4 

428*8 

4 l'K'» 

4 17*8 

No. Jti, 

individual . * 

Average . 

Difference 

83*39 

Hi*29 

-*0*00 

| 057*7 

097*5 
— 89*H 

580*5 
023*2 
- 30*7 


The figures in this table give the total amounts of crude protein, total digested 
nutrients and net energy digested by each animal during the entire period of 110 
days. We have to compare the results obtained with the individual and group 
average coefficients respectively. In both groups tb ere arc one or two animals which 
show appreciable divergences in the two sots of data. The greatest divergence 
(heifer No. 12) amounts to 6 per cent, of the total digested nutrients or net energy* 
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With No. 6 the divergence is 4/5 per cent., with 9 and 10 it is 3 per cent., and with the 
remainder it is about I per cent. The data show that the group average digestion 
coefficients give results which do not depart materially from the individual results. 
The use of tlieso group average coefficients for calculating digested nutrients has 
this advantage that it represents* the actual average digestion capacity found by 
experiment for animals of the typo in question. By using individual coefficients 
our calculations are based on a single short period digestion experiment which might 
or might not be an accurate representation of the average digestion attained 
throughout the long period feeding test. As only one digestion experiment was 
done with each animal there is no check on the figures except the group average. 
We have in fact two sets of data available and taking everything into consideration, 
we have selected the group average data as loss likely to be seriously wrong in any 
single case. In the future discussion the calculations from the group averages will 
be taken as the actual digestion. The figures derived from individual coefficients 
will not bo used. 

Comparison of computed and actual digested nutrients and net energy. 

In Table XI the actual digested nutrients and net energy (calculated fxom group 

Table XI. 


Comparison of computed digestion with digestion determined from group average 

coefficients . 


— 



Protein 

Total 

digestible 

nutrients 

Net 

energy 

— 


Protein 

Total 
digestible 
nut rients 

Net 

energy 

A’d. /. 
Computed 



DO* 07 

538*9 


A’d. 7. 
Conn uted 


12H5 

824*7 

727-4 

Average . 



<\mz 

478*0 


Average . 

. 

87*38 

789*0 

701*0 

Difference 



27*82 

00*9 


Difference 


30-77 

35-7 

20*4 

Ac. 2. 
Computed 
Avoiago , 
WfflUNUUV 

A'd. 2. 
Computed 
Average . 



■H9 

mm 

000*1 

543*7 

02*4 

G!iO*7 

543*1 

489*3 

53*8 

470*4 

No. 8. 

No. 0. 
Computed 


124*81 

825*0 

728*3 



08 57 

470*0 

420*7 

A verago . 

. 

87*41 

790*0 

701*9 

Difference 



27*10 

00*7 

52*7 

Difference 


30*90 

35*0 

20*4 

A >o, 1. 
Computed 
Average . 
Difference 



91*94 

522 0 

472*0 

A«. 10. 
Computed 


118*29 

757*2 

670*7 



«7*80 

402*5 

420*0 

Average 

, j 

84*89 

719*0 

042*1 



27*05 

00*1 

52*0 

Different 

• 

33*40 

87*0 

28*0 

A'd. 5. 
Computed 
Average 



100*80 

505*5 

534*2 

No. 11. 
Oouijuted 


110*92 I 

745*8 

660*4 



70*01 

333*4 

480*5 

Averago 


84*04 

707*6 

031*7 

Difference 



20*89 

02-1 

53*7 

Difference) 

- 

82*88 

87*7 

28-7 

No. 0 . 
Computed 
Averago < 



03*98 

511*2 

403*0 

No. 12. 
Computed 


110*01 

785*9 

652*0 



07*56 

451*3 

410*5 

Average 

. 

$4*29 

697*5 


Difference 



20*10 

59*0 

■HI 

Difference , 


32*22 

£8*4 

294 


Older group average 05*$ per cent, computed net energy is assimilated, 
lounger group average 89*8 per oent. computed net energy to assimilated. 
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average coefficients) are compared with figures obtained by computation using the 
American standard coefficients. The comparison mado in Tabic XI is of consi- 
derable importance. It shows us the extent to which young growing animals are 
able to utilize food when the ordinary available digestion coefficients are used as a 
standard of digestibility. The average of those figures tells us that the older group 
assimilated 95 per cent, of the computed net energy and nutrients and the small 
deficiency is almost exactly equal to the deficiency in protein digestion. The 
younger group assimilated 89*3 per cent, of the computed not energy. The average 
computed and actual assimilation per head for each group has been calculated 
from these figures and is given in Table XII. The figures of Table XII are not 
required at present. They will be referred to later. 


Table XU. 


Daily group average computed and actual digestion of nutrients. 



CRunw wuVtmn 

IN Jilt. 

Tom. oraBHTrnLK 
NUTRILNTH IN LB. 

JNHT KNITROY 
TtlHtMH 



Computed 

Actual 



Younger group . 

. Total . 

07*08 

00*17 

550*8 

180*8 

400*4 

443*4 

Far head . 

. Daily , 

•842 

•600 

4*718 

4*220 

1*270 

3*823 

Older group 

. Total . 

120 0 1 

85*0 

777*7 

710*7 

087*1) 

000 o 

J*er head . 

. Dally . 

i m 

•738 

0*701 

0*1185 

5*1)30 

5 800 


Maintenance requirements. 

The maintenance requirement may be expressed either in terms of net energy 
or as total digestible nutrients which suffice to provide the energy. The average 
net energy required for the maintenance of an 1,000 lb. Ox is stated by Armsby to 
be 6 therms. The Haecker and Savage standards as tabulated by Henry and 
Morrison allow 7*925 lb. total digestible nutrients for maintenance. If these 
two standards are equal, 6 therms must be provided by 7*925 lb, total digestible 
nutrients or 1 therm~l*321 lb. total digestible nutrients. Table VI above gives 
both the computed net energy and nutrients assimilated by our animals from the 
rations fed. These computed values are derived from American coefficients of food- 
stuffs which have been thoroughly tested. The ratio of nutrients required to pro- 
duce one therm of net energy is therefore to be relied on as accurate. The ratio 
varies somewhat according to the proportion of hay in the ration, but the range is not 
great, typical figures being M08, 1*117, 1*129, H3G or an average of 1*122 lb. total 
digestible nutrients per therm of net energy. Accordingly with our ration 6 thorms 
=6* 7321b. total digestible nutrients. If the same ratio were applied to the Haecker 
Savage maintenance standard oi 7-925 lb. total digestible nutrients it would yield 
7*063 therms net energy per 1,000 lb. live weight. The two standards differ to such 
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an extent that both cannot be employed. We will nee the Arin&by standard of 
6 therms per 1,000 lb. live weight, and evidence will be produced later to show that 
it i*> probably a fair estimate. From this standard the maintenance requiicments 
of our heifers have been calculated on the generally accepted basis that the main* 
tenance requirement is proportional to the § power of the live weight. The average 
live weights for the entire period were used for this purpose. Both the live weights 
and the daily maintenance requirements according to this standard are given in 
Table VI. 


Net energy available for growth* 

By subtracting the maintenance requirement for the entire period from the total 
net energy assimilated (Table XI) the total excess available for productive purpose 
is obtained and from this figure the daily available excess has been calculated. The 
results of this calculation are shown in Table Xllla. The computed values, being 


Table Xllla. 


Average daily balance of protein and net energy available for growth . 


No. 

Average 

live 

weight 

lb. 

AVERAGE DAIXjY 
INOREAfcE IN LB. 

BALANCE AVAILABLE 3? OB, 
GROWTH 

COMMUTED 

ACTUAL 

Whole 

period 

j-week 

Ijeriod 

Protein 

Jb 

Net 

Energy 

Therms 

Protein 

lb. 

Net 

Energy 

Therms 

1 



281 

•919 

-816 

*31 6 

1-642 

*277 

l*18o 

2 



298 

1*112 

1*074 

*555 

2*002 

*284 

1*588 

3 



200 

1*068 


*523 

1*758 

*286 


4 . 


• 

260 

•933 

•859 

*512 

3*074 

•278 


5 


. 

188 

1*113 

1*048 

*558 

2*006 

•292 


6 



245 

•928 

-861 

*319 

1*697 

*'291 



AVERAGE 

• 

naju 

WJUU 

1*011 

*943 

*530 

1*795 

*285 

P388 

7 



469 

HE r*3 

1*114 

*629 

2*671 

•312 

1/462 

9 



468 

:2| 

1*160 

*636 

2*728 



10 



418 


•722 

•613 

2* 1H2 


2*285 

n 



382 

•950 

•895 

*620 

2*568 


2*325 

12 



439 

•934 

-843 

•579 

2*175 

•302 

1*922 


AVERAGE 


484 

1-036 

*947 

•615 

2*524 | 

*319 

2*287 


derived from an overestimate of the actual digestion, considerably exceed the actual 
values in every case. The table also gives the average live weights and the esti- 
mated daily live weight increase. For the latter two sets of figures are given as 
already explained. It will be noticed that in most cases a high balance of net energy 
is associated with a high rate of live weight increase. Finally, the figures of this 
table can be used to calculate the net requirements of protein and net energy per 
lb. of increase. As we have two estimates for the rate of live weight increase there 

B 
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will be two corresponding estimates lor the requirements per lb* of increase. These 
final results are summarized in Table XIJLIb. The average requirements per lb. of 

Table Xlllb. 


Net energy requirements per Ih . increase* 



YOUNGER GROUP 

OLDER GROUP 


Net energy eer lb. 

1 Net energy ebb lb. 


INCREASE 

| INCREASE 


Computed 

Actual j 

Computed 

Actual 

Based on inorease during entire test . 

1*776 

1*323 

2*436 

2-207 

Based on inorease during 14 weeks 

4 1 

1*903 

1*419 

2*665 

2-416 


increase may also be calculated in a slightly different manner, namely, by deter- 
mining the requirements per lb, increase for each animal separately. The results 
obtained by this process are shown in Table X 1 Va. The averages obtained in this 

Tablk XlVa. 


Requirements per lb, increase calculated for each animal separately. 



table do not quite coincide with the averages obtained in Table Xlllb. Therefore 
the means of these two sets of data has been taken to represent the requirements 
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per lb. of gain as found by our long period feeding te>L Our iinal results are 
stated in the accompanying tabic. 

Table XJVb. 


Digestible crude 'protein and thams of net energy n quirt d per lb. of increase. 



YOUNGER GROUP 



OLDER GROUP 



Commuted 

Actual 

Computed 

Actual 


Protein 

Net 

energy 

Protein 

Net 

energy 

Protein 

Net 

energy 

Protein 

Net 

energy 

Ba seel ou increase during 
entire tost. 

*525 

1-777 

*282 

1*323 

•002 

2-405 

*313 

2*232 

Based on increase during 
14 weeks. 

*555 

1*907 

*304 

1*420 

•000 

2*090 

•348 

2*435 


There are three points to note in this tablo 


(1) The older group utilises decidedly more net energy to produce one lb. of 

gain than the younger group. This is true whether we compare com- 
putod or actual values. 

(2) For reasons already given wo believe that actual energy requirements 

per lb. of increase are somewhat underestimated if \\ e use the increases 
during the entire test. The truer values derived from the live weight 
increases during 14 weeks arc 1*420 therms and 2*435 therms actual 
net energy required per lb. increase for the younger and older groups 
respectively. 

(3) The computed values derived from the increase during 34 weeks are 1*907 

and 2-79G therms respectively. Those are the quantities which must 
be fed in order that the smaller actual amounts may be digested. The 
computed values are therelore useful for the calculation of rations, 
while the actual values tell us the true consumption of net energy 
to produce one lb. of gain. 

The nature of the gains made by growing cattle* 

The last figures will be referred to again when existing data relating to the nature 
of the gains made by growing cattle have been considered. The materials of which 
the body increase consists vary with the age, breed and nature of food. The young 
animal puts on flesh containing much' water, some protein and little fat. The fat 
content of the gain may, however, vary somewhat according to the nature of 
the food. An animal approaching maturity stores much more fat than protein and 
the water content of the gain decreases. The following data illustrating these 
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points have been taken from or calculated from figures given by Armsby 1 and 
Henry & Morrison. 2 


Authority 

Ago or live weigh l 
of animal 

COMPOhmON or 

I Mt. XNtmi'JAsfi) 

ICnorgy 
conttMit 
of 1 lb. 
gain 

Water 

Mineral 

Protein 

Fat 


r 

100—200 

1 

•040 

•18 

*08 

1 



200 — 300 



•to 

•13 


Haeoher . . A 


300 —400 


MMBB1 

*10 

*18 




400 — GOO 

*530 

•040 

•20 

•23 



L 

000—000 

•510 


•18 

•27 

1*030 

Soxhlet . 


Calf 15 days old. 

mm&m 

*030 

•18 

•10 

1*180 

Jordan 


28 months old. 

mmmm 

-002 

*130 

•400 

2-100 

Watters Munford 


750 —1250 

•374 

*020 

•12 

-4 SO 

2-402 

Throwbridge. 








Fattening Expt, 


1250 — 1750 

*178 

*020 

•052 

■700 

3-SM7 

haws and Gilbert 


48 months old* 

♦241 

1*020 

•077 

•002 

3-051 


From those figures wo liavo to dociAo what was the probable energy content of 
the gain made by our two groupH of hoifors. 

In Waters fattening experiment the average value of the first 500 lb. increase 
was 2402 therms per lb. and this included a period during which an appreciable 
amount of fattening occurrod, whilst the ration given to our animals did not produce 
appreciable fattening us far as could bo judged by appearance. Jordan’s results 
for animals much older than ours is 2- 1 therms per lb. llaookor’s figures for animals 
of the size and age of ours are still lowor. From those data we conclude that the 
energy content of 1 lb. of increase of our older group weighing 440 lb. per head 
could not have exceeded 24 therms per lb. and probably it was lowor than this figure. 
Our results show that these animals consumed actually 2425 therms per lb. of 
increase and on the whole though the evidence is indiroct wo boliovo that the energy 
content of the gain was less than the net energy available from the food digested. 

For our younger group weighing 270 lb. per head the energy content of the gain 
should be according to Haecker 1-04 therms per lb. It might, however, have been 
move and we have no other data to chock thiB figure. The actual net energy 
consumod per lb. of gain was 142. Whilst it does not seem likely that the energy 
content of the gain was as high as this figure, it is impossible to fay definitely that 
the net energy consumed was greater than tho energy content of the gain mado. 
Armsby’ s estimates for the average energy content of gains by animals which wore 
not fattened to a very great extent are very much higher than the figures quoted 
above. (Armsby Table IVa, p. 712.) He allows 1-680, 1-98(1, 2-292 and 2-904 


1 Armsby, The Nutrition of Warm Animals, 

3 Henry & Morrison. Feeds and Feed inn, 17th. od, 
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therms per lb. gain respectively for animals aged 6, 9, 12 and 18 months. The 
"a me figures may be stated in another form thus : — 


Age months 

Average live 
weight 

Energy content 
of l lb. gain 

3- 0 

220 

1-080 


300 

1*986 

ft- 12 

300 . 

2*292 

12 — IS 

480 

2-904 


According to these figures the energy content of the gains made by our two groups 
would be 1*833 and 2-721 theims per lb. gain respectively. 


The Armsby feeding standard compared with Bangalore results. 


Comparing the last figures with our experimental results we find that Armsby’s 
estimates for the energy content of rhe gain coincide almost exactly with our com- 
puted net energy requirements per lb. (table XIY). The two sets of figures are : 



Younger group 

Older group 

Armshy’ft animate of oncigy content per lb. gain . 

1*833 

2*721 

Bangalore computed requirements per lb. gain 

1*907 

2*696 


But our computed requirements certainly do not represent the energy content 
of the gains made. Even if no energy at all were consumed in the elaboration o± 
body substance (and according to our results with the older group there seems to be 
an indication of loss of energy) still the computed requirement is an overestimate 
of the actual requirement. Per lb. of increase our two groups required actually 
1*42 and 2*43 therms respectively and we are justified in believing that the energy 
content of the gain could not have exeoeded these amounts, while there is reason to 
believe that it may have been less. The practical result of those comparisons is, 
however, somewhat surprising. Armsby’s ostimate of the energy content of the gain 
is undoubtedly higher than the actual value of the gains made by our animals, but 
it agrees very closoly with our figures for the computed net energy which would 
provide the actual needs. Therefore Armsby ? s standard for net requirements per 
lb. increase (Armsby table XIVa) } though based on data for the energy content of the 
gain which do not hold for our animals, can be used for computing rations for our 
animals because the overestimate of the values of the gains compensates almost 
exactly for losses due to lower digestion, etc. 

Armsby gives another table of rations for growing dairy cattle per head per day 
including maintenance (table IVb, p. 713), Assuming, as Armsby does, that the 
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requirement per 11) gam increases regulaily with increase m lrve weight we can 
calculate the i equuenienls pei head and daj including maintenance from our own 
results The process is shown m the accompanying table to which is added, ioi Ihe 
sake ot comparison, Aimsby’s standard (table IVb) 

T*ei e XV 


Estimated iequuemen ^ pe> had pr> day 


I iv \ i ht 

< mi i tu in m n i 

Ml NT 11 K 1 It 

IMKl VI 

Ru i h i mi nt roit j 
t«u imsn j 

1 >rn i< i main 

11 N N< J VN1 

1N( I I IM 

r< rvr i it m un 

llVINfl AVI 
IH0BJASI \KMSB\ 
SiVNl \ltl 

< ri U 

Pr <em 

N J 

Ills] 

DU ml 

1 1 iem 

V 1 

Pi i 

Di r fruit 
Ih Iem 

N E 

La r s 

nu 

Ji tern 

KE 

1 Kill 

200 

A 

1 0 

K 

2 0 

so 

I >> 

(0 

170 

300 


- oo ; 


2(0 

u 

\ OJ 

72 

4 31 

400 


- 40 ! 

10 

20 

1 Oi 

<6 

80 

510 

500 

mm 

2 0) 

u 


1 u 

0(8 

82 

010 


The protein figures of Aimsby 1 efei to true protein and therefore aie not compar- 
able with ours As regards computed net energy requirement our figures are deci- 
dedly higher than Armsby’s It should be pointed out that our estimated rations 
for growing heifers in table XV, though apparently based on an hypothetical main- 
tenance requirement are really a restatement of oux practical feeding results A 
reference to table XII shows that our heifers assimilated the following computed 
quantities daily during the long period feeding test 



Live weight lb 

Daily Assimilation 

— 





Computed pio- 

Computed net 



tern lb 

energy therms 

Younger group . 

272 

84 

4 279 

Older group 

443 

1035 

5 930 


These figures agree with our values of table XV above For example, our younger 
group weighing 273 lb actually required 4 28 therms A 300 lb animal will require 
somewhat more than this The figure 4 69 is not excessive according to our result 
for the 272 lb heifers 

Again our 443 lb. heifeis actually consumed 5 93 therms The 500 lb animal 
must consume somewhat more It may be argued that the exterpolations required 
for calculation of the figures m table XV are unjustifiable as they are based on 2 experi- 
mental points only, but we have already shown that these points coincide "With 
figures given by Arm&by and our results m table XV are practically a restatement 
in somewhat different form of Armsby’s table IV u The fact is that the two tables. 
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IVa and IVb, represent two somewhat different standards of feeding or rates of 
growth. Our experimental results agree with table IVa, which maybe employed, 
therefore exactly as we have done in table XV above, for calculating standard ra- 
tions for growing heifers. It has to be noted here, however, that our older group 
may not have done full justice to their ration. Had they been somewhat more 
economical our results for the 400 and 5001b. animals would not ha\e diverged to 
such an extent from table 4b. Owing to the doubt regarding the thriftiness of 
our older group it is impossible to say which of these two sets of figures is more 
likely to be generally applicable in India. 

Estimation of the maintenance allowance from oar experimental results. 

The previous calculations have been based on a maintenance allowance of 6 therms 
per 1000 lb. live weight. In table XVI the balance of total digestible nutrient* 

Table XVI. 


Nutrients reejuired yer lb. increase using Haeclcers maintenance standard . 


No 

Average daily- 
live weight 
increase 

Nutrients required per lb. 

Computed 

Actual 

1 . 







*919 

1-355 

•784 

2 . 







1-112 

1-516 

1-032 

3 . 






. 

1*068 

•984 

-762 

4 . 







■933 

1-324 

•769 

5 . 







1-113 

1*871 

1-005 

6 . 






* 

•923 

1-363 

-835 






Average 

. 

1-011 

1-402 

-863 

7 . 







1-239 

1-904 

1*657 

9 . 







1-284 

1*905 

1-662 

10 . 







•792 | 

2-727 

2-315 

11 . 







•950 

2-395 

2*053 

12 . 






• 

•934 

1-888 

1-811 






Average 

• 

1-036 

2-164 

1*899 


available for growth have been calculated on the basis of the Haecker Savage main- 
tenance allowance of 7-925 lb. total digestible nutrients per 10001b. live weight. 
On this basis the balance available per lb . of increase is low for both groups, J udging 
by fig ures for the energy content of the gains made by cattle generally the available 
energy as calculated in this table appears to be scarcely equal to the energy content; 
of the gain made. The figures make it probable that too high a value has been 
assigned to the maintenance allowance. Further, it will be noticed that in the 
younger group a high rate of increase is associated with high actual requirement 
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per lb. increase, whilst a low rate of increase shows low requirement per lb. increase 
This is exactly what would occur if an excessive allowance were made for mainte- 
nance. The older group does not show this regularity, but in this case, the balance 
available for production is much greater and would be less affected by alteration of 
the maintenance figure. It is not intended to lay stress on these figures but they 
seem to indicate that 6 therms per 1000 lb. is a better estimate than 7 therms for 
animals weighing 250 to 450 lb. 

Comparison of die Wolff Lehmann feeding standard with the Bangalore results* 

The Wolff Lehmann Standard for growing dairy cattle is as follows 1 : — 


Average Age months 

Average 
live weight 
lb. 

Digested 

protein 

lb. 

Total 

Digestible 

Nutrients 

lb. 

Bulk (diy 
matter)" 
lb. 

1 — 3 

a — -6 ....... 

6 — 12 

12 — 18 

150 

300 

500 

700 

*60 

•85 

1-05 

1*22 

3-24 

5-43 

7 82 
10-65 

3-45 

7-20 

13-50 

18-20 

From these figures the standaid iequnements of our heiieis have been calculated. 
The results of the calculation are shown below together with our experimental 
results. 

: 

Average 

weight 

Computed 


— 

Digested 

protein 

Total 

digestible 

nutrients 

Bulk 


lb. 

lb. 

lb. 


Bangalore 

results ...... 

WolfE Lehmann 

results 

272 

443 

272 

443 

•842 

1-035 

•82 

1-02 

4-748 

6-704 

5*00 

7*20 

8*182 

11*682 

6-5 

11-7 


The computed protein agrees well with the standaid requirement. Bulk con- 
sumption for the older group is noimal, for our younger group it is seen to be abnor- 
mally high. This remarkable figure is undoubtedly due to the fact that our animals 
were undersized at the commencement of the test. They were old for their weight 
and had developed more stomach capacity than body substance. In computed 
digestible nutrients both our groups received distinctly less than the standard aUow- 


1 Henry and Morrison. Feeds and Feeding, 17th ed, 
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ance, which accordingly is intended for more rapid growth than that attained by 
our heifers. The bulk of ration consumed by our animals was already so large that 
it could scarcely have been increased appreciably even if only silage had been fed 
as roughage. To increase the rate of growth and to provide the full Wolff Lehmann 
Standard allowance of total digestible nutrients it would have been necessary to 
feed a higher proportion of concentrate. We obtained reasonably good growth 
with rations containing a higher proportion of roughage and somewhat less total 
digestible nutrients than the amounts recommended in the Wolff Lehamann 
standard for growing heifers. It may be noted finally that our ration is somewhat 
below the Wolff Lehamann standard and distinctly higher than Armsby’s standard 
of table 4b. 

Summary* 

1. Digestion attained by individuals of two groups of heifers varied somewhat 
widely, but the digestion capacity of the older group was on the average distinctly 
higher than that of the younger group. 

2. The difference in digestion between the two groups is only partly due to 
difference in age. A higher consumption per 1000 lb. live weight and a higher pro- 
portion of hay consumed by the younger group probably account for part of the 
difference. 

3. The use of American digestion coefficients for computing the digestibility 
of our rations gives misleading results. 

4. Comparing actual digestion with the digestion attained by mature bullocks 
on the same foods at Bangalore it is found that the carbohydrate digestion is 10 per 
cent, below normal in the younger group and 3*4 per cent, below normal in the older 
group. 

5. The computed requirements per lb. gain were found to be 1*907 and 2*696 
therms for the younger and older groups respectively. 

6. The Armsby standard of requirements, though based on data for the energy 
content of the gain which does not hold for our animals, can be used for computing 
rations for our animals because the overestimates of the values of the gains com- 
pensate almost exactly for losses due to lower digestion etc. On the whole our 
requirements for growing animals are higher than Armsby’s figures. 

7. Compared with the Wolff Lehmann feeding standard our heifers utilized the 
standard amount of protein, and less than the standard amount of total nutrients. 
The bulk consumed by the older group was normal. Theyounger group consumed 
an abnormally large bulk. 
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A STUDY OF ABSORPTION OF MOISTURE BY SOILS. 


BY 

JATINDRA NATH SEN, M.A., Ph.D., 

Bio-chemist , Forest Research Institute , Dehra Ihm 9 

AND 

BHAILAL MOTIBHAI AMIN, B.A., 

Assistant to the Imperial Agricultural Chemist 9 Pusa . 

(Received for publication on 1st May 1926.) 

The texture of a soil is an important factor in determining the growth of plants. 
On the size of the soil particles depend the tillage properties, the air and water 
movements within the soil, the functioning of the organisms present and thus also 
the elaboration of plant food material. The whole system of agriculture, including 
cultural operations and choice of crops, has to adapt itself to soil texture of the 
fields which are to be dealt with. 

Methods of mechanical analysis of soils have been devised whereby the amounts 
of particles of different sizes can be determined. While a proper interpretation of 
the results of such estimations is of value in judging the cultural possibilities of 
soils, the methods of analysis are themselves tedious and time-absorbing. Any other 
convenient process whereby the texture of soils can be judged will therefore prove to 
be of great utility. 

Of the £C separates ” or fractions of different-sized particles, ee clay ”, which 
possesses the smallest dimensions (less than 0*002 mm. diameter), is of great signifi- 
cance. The finer parts of clay include the ill-defined group of materials known as 
the soil colloids. In the opinion of early workers, only a small fraction of clay is 
colloidal, but some recent researches (c/. Robinson and Holmes, 1 Joseph 2 ) suggest 
that the clay fraction of the mechanical analysis is nearly all colloidal. Joseph 2 
has shown that practically the whole of the clay fraction can be obtained in the 
colloidal state. On account of their small size, clay particles possess an enormous 
superficial area. Hence soils rich in day exhibit high activities in connection with 
all surface phenomenon such as absorption of moisture. 

* U. & A . Dept. Agri BuSL 13U (1924). 

1 BepL Soudan Chemist (1923), 22. 

'Soil Bei., 20 (1925), 89. 
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Motors absorption . It has been maintained that the determination of hygros- 
copic capacity of soils is of great significance since it presumably gives a constant for 
the sail depending on its internal surface, the influence of which on soil conditions, 
especially as related to plants, is extremely important. As early as 1859 Hilgard 
began a study of this factor and he defined “ hygroscopic coefficient 55 as the per- 
centage of moisture which dry soil can absorb when exposed to a saturated atmos- 
phere. 

The process of determining hygroscopicity of soils seems at first sight to be a 
very simple one. Considerable care has, however, to be taken in order to obtain 
accurate and strictly comparable results. The temperature has to be kept con- 
stant, as the absorption varies with the temperature and as, moreover, local varia- 
tions of temperature are likely to cause a deposition of free water (dew) on some of 
the soil particles. For the same reason undue disturbance of the atmosphere in 
the absorption chamber should be avoided. A very thin layer of soil should be 
used and the time of exposure should be sufficiently long to ensure a near approach 
to conditions of equilibrium. In practice, it is more convenient to work at atmos- 
pheres of lower humidity than saturation point. The facts that the soil water 
contains dissolved substances and that the surface of this water in the capillary 
interstices possesses a concave curvature indicate that the aqueous vapour pressure 
of soils is always lower than that of pure water. Hence from theoretical considera- 
tions it follows that when a soil is exposed, as in Hilgard’ s method, in a closed atmos- 
phere containing freely evaporating distilled water, there will be a continuous con- 
densation from the water to the soil. Mitscherlieh’s method of exposing the soils 
to an atmosphere in equilibrium with 10 per cent, sulphuric acid is thus more con- 
venient than Hilgard’ s method. Robinson 1 used a 2 per cent, sulphuric acid solu- 
tion as the humidifying agent, while Puri, Crowther and Keen 2 * advocated the use 
of 43*4 per cent* sulphuric add which brings about a humidity of 50 per cent, in the 
atmosphere. 

Mechanical composition and absorption by soils. A review of the theory about the 
correlation between absorptive capacity of soils and their fertility is to be found in 
Alway , Khne and MoDole’s paper. 8 Here only a brief reference will be made to the 
relationship between hygroscopic capacity and mechanical composition of soils. 

In Hilgard s opinion cc the hygroscopic coefficient ” yields a datum which bears a 
definite ratio to the clay and humus content, and Mitseherlich utilized his own 
hygroscopicity figures for the determination of colloids in soil. A simple mathe- 
matical formula was evolved by Briggs and Shantz 4 tracing the connection between 
hygroscopic coefficient and mechanical composition. Later Alway and Rost 5 


1 Jour. Phys. Ckenu, 28 (1922), 647. 

2 Jour. Agri. Sci. 3 15 (1926), 63. 

I Jour. Agri. Res., U (1917), 147. 

. Agri., BuU. 230 (1912). 

* Soil 8c%., 1 (1916), 406. 
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introduced a refinement in the Briggs-Shantz equation by slightly altering the con- 
stants. The subject was studied by Novak 1 who observed that soils having the same 
hygroscopicities may have entirely different mechanical composition, but that for 
practical purposes, a high proportion of clay particles is accompanied by high hygros- 
copicity. Further Oden noted that although the values obtained for a series of 
clay soils were not proportional to the soil particle surface, the hygroscopic coefficient 
might serve for empirical comparisons of soils known to be of the same type. It 
was found by Thomas 2 that the ratios of hygroscopic moisture agreed closely with 
the ratios of surface, as determined by mechanical analysis, of the particles larger 
than about 0* 1 — 0*25 micron radius, disregarding the smaller material. In the opinion 
of Anderson, Fry, Gile, Middleton and Bobinson 3 , not less than 95 per cent, of the 
total absorption of the soil is due to the colloidal part, and Bobinson 4 observed that 
the amount of water absorbed by the soil may possibly show the amount of colloids 
present more accurately than the absorption of dye or ammonia. 

Specificity of soil colloids. The constancy of the specific water absorption capacity 
of soil colloids has been a debated question. Bobinson 4 noted that samples of the 
colloid matter extracted from 34 samples of soils which differed widely in texture, 
origin, mode of formation and chemical composition showed a relatively constant 
absorption of water. Joseph 5 , on the other hand, maintains that on correlating 
Bobinson’s figures about absorption of moisture with chemical composition of the 
colloids, there can be traced a relationship, which is, however, often obscured in 
individual cases. It has been pointed out by Hardy 6 that the Briggs-Shantz 
relationship connecting maximum water-retaining capacity with hygroscopic 
coefficient fails when applied to siliceous colloids, and that laterite soils, in which 
the colloid content is composed mainly of alumina and ferric oxide hydrogels, also 
do not obey the equation, the variation being in the opposite direction in the latter 
case. Middleton’s 7 study of binding power and Anderson’s 8 investigation of heat 
of wetting as well as Joseph’s own experiments on imbibitional- water-holding 
capacity and rate of evaporation yield information about the relation between the 
properties and the chemical composition of soil colloids. Hardy’s results show that 
variations in the shrinkage coefficients of soils of similar colloid content, hut belong- 
ing to different geological types, are probably due to specificity in soil colloids. 
The fact must, however, not be overlooked that, as Hardy points out, the apparent 
anomalies in the properties of the soil hydrogels have also been explained by other 
theories. The irregularities are perhaps to be attributed tp physio-chemical 


1 Landw. Jahrb 50 (1917), 454. 

*Nott£ci.,17{1924), 1. 

» U. S. A., Dept. Agri ., Bull 1132 (1922) ; also Butt. 1103 (1924). 

*Jour. Rhys. Gh&m 26 (1922)647. 

« Soil Sci., 20 (1925), 89, cf. also Joseph and Hancock, Jour. Ckm* Soc, } Traus., 125 ,1924), 1888. 

8 Jour. Agri. Sc*., 13 (1923), 243 ; ibid, 340, 

7 Jour. Agri. Res., 28 (1924), 490. 

8 Jour. Agri . Res,, 28 (1924), 927. 
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changes of enviro nm ent induced by their genesis and history rather than to chemical 
composition. Viewed in this aspect the theory is more in keeping with the funda- 
mental conception of colloids as matter in a particular state rather than distinct 
hinds of matter of varied individuality. Recent researches on gels, both inorganic 
and organic, are rapidly leading to a recognition of the fact that specificity in these 
colloids is conditional and structural rather than absolute. 

The subject is complicated by the difficulty of separating the numerous and 
highly complex soil colloids in their entirety and without any of their properties 
being modified. It is thus wellnigh impossible to conduct an accurate study of their 
functions and to find out how these are related to their chemical composition. 
It must also be remembered that these colloids are constantly suffering changes as 
a result of cultural practices and the physical, chemical and biological changes going 
on in nature. 

Humus and absorption. The important function of the organic matter oi the 
soil in increasing its hygroscopic quality has been recognised by Hilgard, 1 Lough- 
bridge 2 and other workers. Alway and McDole, 3 however, found that this in- 
fluence is too slight to be detected, a change of even 100 per cent, in the organic 
content being without distinct effect on the moisture absoibing property of soil. 
Recently McCool and Wiedemann 4 * have, in the course of their study of certain 
organic soil profiles, observed that the capacity of these soils to hold water unfree 
depends not upon the organic content but upon the ^tage of decomposition and 
nature of the materials. 

The influence of temperature. There has been a controversy as regards the in 
fluence of temperature on the moisture absorption by soils. The experiments of 
Lipman and Sharp 6 and of Alway, Kline and McDole® support Hilgard' s state- 
ment that hygroscopic coefficient increases with the temperature. On the other 
hand, Patten and Gallagher's results 7 8 and the recent paper by Puri® support the 
views of Knop and other workers who found a lower absorption at higher tem- 
peratures. Puri attributes the disputes about di minu tion of hygorscopic coefficient 
with increasing temperature to the exposures of previous workers being too short 
and to the fact that in the early stages the rate of moisture absoiption increases with 
increasing temperature. 

In the course of the present series of experiments a study was undertaken to 
find out the relation between the clay content and the absorptive capacity of soils 
and of the influence of temperature on the moisture absorption. 

1 Jour. Amer . Chem. Soc 16 (1894), 4 ; “ Soils, 1 ’ (Ed. 190$), 194. 

*Rept California Sta 1892-93-94, 76. 

9 Soil Sci 1 (1916), 197. 

* Sot} Scu> 18 (1923), 117. 

•Jour. Phya. Chem., 15 (1911), 709. 

•Jour. Agri. Res. U (1917), 147. 

7 U. S. A., Dept. Agri., Bur. Soils, Bull . 51 (1908). 

8 Jour. Agri. Sc%. 9 15 (1925), 272. 
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Soils used* Eleven samples of soil weTe utilized for this study. The first 
five belonged to the Madras Presidency. Of these three, viz., SI a black cotton soil, 
S2 a red laterite soil, and S3 a garden soil, came from Coimbatore. S4 was a hilly 
soil from one of the planting districts, while S5 was a heavy paddy soil from the 
deltaic area (Manganallur). 

There were three samples from Bengal. S6 was a red laterite from Dacca while 
S7 was a tobacco soil from Rungpore. S8 was an abnormal soil collected atSiliguri. 
It was black in colour and was rich in plant dSbris. 

Two samples belonged to the United Provinces. S9 was a loamy soil (mar) 
from Orai and S13 was a highly sandy soil (bhur) from Mainpuri. 

The last sample S 15 was a heavy clay soil (Sane-pittcki) from Mandalay, Burma. 

It will be noted that the above list included samples of all the main types into 
which Indian soils are divided (Leather 1 ), viz., the Indo-Gangetic alluvium, the 
Madras soils, black cotton soils, and laterite soils. Two of the samples (viz., S8 and 
S13) were of an unusual nature. 

Determination of clay. The mechanical analysis was carried out by the Coimba- 
tore method elaborated by Dr. W. H. Harrison. As the details of the process do 
not appear to be known to outside laboratories, a brief description is appended 
herewith. 

Ten grams of soil are vigorously boiled for 15 minutes with 250 c.c. distilled 
water in a 500 c.c. conical flask. The whole is then transferred to a beaker, the 
liquid made up to a height of 10 cm., stirred and allowed to settle. After 24 hours 
the suspension is decanted off, the residue is put back into the flask with about 
250 c.c. water and the whole vigorously boiled for 5 minutes. The contents are 
then transferred to the beaker, again made up to 10 cm. height, shaken up and 
allowed to settle for 24 hours. These alternate operations of boiling with water and 
settling are repeated, till no further appreciable amounts of clay are obtained. 

In the English method of mechanical analysis the soil receives a preliminary 
treatment with acid, in order to loosen the particles in any aggregates or compound 
particles where chalk or humus forms the cement, and ammonia is afterwards used 
to complete the dissolution of the humates and improve the deflocculation. As has 
been pointed out by Joseph and Martin 2 , this treatment with acid introduces a 
complication, because the dilute acid is undoubtedly capable of dissolving material 
which, so far as size of particles is concerned, should he considered day. In the 
Coimbatore method the use of chemicals is avoided, the disintegration of the com- 
pound particles being brought about with the hdp of vigorous ebullition. The 
grading of size effected by the Coimbatore method thus dosdy corresponds to the 
texture of the soil under actual field conditions. 


♦ The thanks of the writers a Te due to the Agricultural Chemists of Madras, Bengal and Burma 
and the Deputy Director, Central Circle, United Provinces, for their kindly supplying these soils. 

1 Agti* Ledger No. 2, (1908). 

2 Jowr, Agri. jSci., 13 (1923), 49 « 
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A microscopic examination of the 24 hours sediment showed that the particles 
have diameters <(0*002 mm. 

Determination of humus . This was carried out by Huston and McBryde’s method. 

Dye absorption . Solutions of various dyes were experimented with, but the 
method was found to be rather unsatisfactory. The soil suspensions were often 
difficult to settle, and at times an alteration of the tint of the dye solution was brought 
about by the action of the soil. Fortuitous precipitation of some dyes was also at 
times likely to take place. The choice of an effective dye which would serve to 
determine the clay content of all soils is still an unsolved problem. 

The retention of dyes follows the exponential formula generally applicable to 
absorption phenomena. In an experiment where a solution of methylene blue was 
percolated through a column of soil, tie distribution of the dye in the different 
layers of soil was found to obey a log-log curve. 

An account of the experiments on dye absorption is given in the Appendix. 

Moisture absorption . As the results of the hygroscopic determinations depend 
on the experimental procedure adopted, a description of the actual process followed 
is given here. 

Preliminary experiments with pure water as the humidifier showed the desira- 
bility of using a liquid which gave a lower vapour tension. Trials were next made 
with aqueous solutions of glycerine of various strengths, as a result of which it was 
decided to use a solution containing 25 c.c. pure glycerine per 100 c.c. An additi on 
of a small quantity of mercuric chloride (0*1 grm. per 100 c.c.) was made in order 
to prevent fungoid growths in the liqud. 

Particular attention was given to the maintenance of a steady temperature. 
The thermostat in which the dishes were kept was provided with extra insulating 
material in the shape of cork mats and waddings of cotton wool on the top and 
tides. ^ The whole apparatus was placed in a protected corner of a room free 
from disturbing currents of air. The variation in temperature was fo und to 
be ± 0*5°0. 

The glass vessel which served as the absorption chamber was wholly coated on 
the outside with a thick layer (about J* iuch) of asbestos paste. By this means, 
sudden local variations of temperature within the chamber, likely to occur at any 
time («.£., when the door of the thermostat was opened) and consequent liability of 
deposition of dew over the soils, were prevented. Two grammes of soil were exposed 
in the form of the thin layers in small petridishes of 4 cm. diameter. 

Where the temperature used was higher than the atmospheric one (i.e,, in all 
easee except at 20° C.) the dishes containing soils were first kept in the absorption 
chamber inside the thermostat till they attained the temperature of the thermostat. 
It was only after the temperature condition of the system had become constant 
that the vessel containing glycerine solution was quickly introduced inside the 
chamber which was immediately closed again and the door of the thermostat shut. 
By this means the temperature pf the soils was never at any time lower than that of 
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the evaporating liquid, and there was no fear of condensation of free water on 
the soils. 

For the experiments at 20°C. , an incubator cooled with ice was used. The varia- 
tion in temperature was 4 1°C. It was noticed in this instance of working at a tem- 
perature lower than that of the atmosphere that the chances of deposition of dew were 
greater than in the other cases where the temperature of the absorption chamber was 
higher than the atmospheric temperature. In this case, the vessel containing 
glycerine was first put in the absorption chamber and the soils were introduced 
later, only when the temperature was reduced to 20°C. 

At the end of 5 days’ exposure, the dishes were quickly covered and weighed. 
They were again put back in the chambers and weighed every alternate day till 
conditions of equilibrium have set in. They were then dried at 100°C. and their 
dry weight ascertained. The water absorbed by a unit weight of oven dry soil was 
then calculated. 

Remits . The figures obtained are recorded m Table I and are graphically re- 
presented in Chart 1. 
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CHART I. 

Showing die amounts, of moisture absorbed at different temperatures. The small numerals marked against 
the individual curves indicate the numbers of the so3 samples. 


Tli© above results indicate that the absorption depended on tie clay content of 
the soil. On plotting the values of percentages of clay (c) against milbgrams of 
water absorbed ( v> ) at the individual temperatures, it was noted that the curve 
obtained is of a simple exponential nature, so that 

$0= const, x cfc — 

where b is another constant, whence it follows that 
log w=a+b log c, 
where a and h are constants. 



Relation between Moisture Absorption and Olay Content 
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?=per cent, clay ; t0= milligrams water absorbed by 1 grm. dry soil. 
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Table II shows the values of log w and log c. When the logarithms of the 
amounts of moisture absorbed at a definite temperature are plotted against logarithms 
of clay content, they all (except in the case of the two soils S8 and S13) lie on a 
straight line, as will be seen from an examination of Charts 2-5, where there are 
plotted the values of log c and log w for temperatures 20°, 25°, 45° and 60°C. The 
same relationship holds in the case of the other temperatures tried, but the 
above four charts suffice to illustrate the general type of the curves obtained. 



CHART 2* 

Log w-log c cane at 20° C, 



LogW 
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CHART 3. 

Log w-log c curve at 25° C. 



CHART 4. 

Log w-Iog c curve at 45° C. 
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CHARTS. 

Log w-log c curve at 60° C. 

This simple relation between log w and log c is remarkable in view of the fact 
that the samples used represent widely varying types. The phenomenon is inter- 
preted to lend additional support to the concept of a colloidal complex of inorganic 
and organic compounds enveloping the mineral particles of soil, which has been 
postulated and which has served to explain satisfactorily various soil moisture 
relationships and phenomena of flocculation, shrinkage and other properties (cf. 
Keen 1 , Fisher 2 , Wilsdon 8 , Thomas 4 , Comber 5 , Hardy 6 , etc.). On this view the 
soil grains are enlarged by being coated with a jellylike covering of colloidal 
material with a moisture gradient from the core to the outside, and it is this outer 
coating which is active in absorption phenomena. 


iJour. Agri. Set., 10 (1920). 44 ; cf. also ibid, 6 (1914), 456 and ibid , 11 (1921), 432. 

* Jour, Agri . Sci., 13 (1923), 120 ; 14 (1924), 204 ; also Roy, Soc. Proc., 103A (1923), 139, 664. 

* Mem. Dept. Agrt. India, Chem. Ser., 0 (1921), 164. 

4 Sod Sci., 17 (1924), 1. 

‘Jour. Agri. Set., 10 (1920), 426 ; 11 (1921), 461 ; 10 (1022), 372. 

* Jour. Agri. Set., IS (1923), 243. 



248 


A STUDY OF ABSORPTION OF MOISTURE BY SOILS 


Deviations from tlie simple logarithmic relationship were noted in the case of 
two soils. One is a sand from the United Provinces where the values are lower than 
the calculated figures. In this case it is quite conceivable that the colloidal coating 
over this highly siliceous material would function differently from that existing in 
the normal agricultural soils. The other exception refers to an organic soil from 
Bengal which shows a high absorption. This soil is rich in organic matter. The 
particles are stained black and it is apparent that the state of decomposition of 
the plant residues in this soil is quite distinct from that of the organic matter of 
the usual cultivated soils. It is to be expected that the hydrophilous surface of the 
organic constituents would be determined by the extent and orientation of the 
humification processes going on within the soil. In this connection, attention may 
be drawn to Comber’s 1 amplification of the colloidal theory of the constitution 
of clay earlier emphasized by Bohland and others. It is the relative dominance of 
the properties of the emulsoid surface over the properties of the suspensoid core of 
the particles which determines the absorptive function of the soil. In the case 
of the usual agricultural soils the colloids present, both inorganic and organic, 
are of a roughly similar type and the absorption therefore approximates to a 
simple exponential formula. Where, however, the colloids are of an unusual nature, 
deviations occur. Bor instance, the colloids in the highly sandy ( bhur ) soil (SI 3) and 
also those present in organic soil (S8) function differently, the former being less 
absorptive than usual, whereas the latter are more active than is normally the 
case. Beverting in particular to the organic matter, it seems that as all agricul- 
tural soils of the ordinary type contain organic residues of an approximately 
similar character and as the trend of their decomposition processes is of the same 
nature, the specificity in the action of the organic contents of soils is usually 
masked. This holds in the case of the majority of the soils examined in the present 
instance and similar has also been the experience of Alway and McDole to whose 
results a reference has been made earlier. Where, however, the organic contents 
of the seal axe of an unusual nature, their specific action is rendered apparent. It is 
to be remembered that the absorption is regulated by the active superficial area 
of clay and humus, the coarser mineral particles not counting for much because 
of their relatively small surface. The atomic packing in the surface of these two 
active soil constituerotiB is no doubt open to-mutual in&ue&os ot each other and 
the absorption capacity is bound to be modified by the resultant differences in 
dispersion,. 

It thus follows that where the correlation between clay content and hygroscopic 
capacity is anomalous, the soils concerned are likely to he abnormal from the cul- 
tural point of view. The determination of the relationship is therefore likely to be 
useful in determining the agricultural value of soils. 


1 Jour. JSoc, Ghem. 2nd-, 41 (1922), 77T. 
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As to the variation of absorption with variation of temperature, the results show 
that there is a general decrease of hygroscopicity as the temperature is raised. In 
fact, in the equation 

log w~a+1c log c, 

the constants a and h seem to vary regularly with the temperature, their values 
agreeing, exceptinthecaseofthesetattemperature of 20°C., to the following formulae 
a= z b-*\-ck 
and k—m+ni, 

where ts= temperature in degrees Centigrade, and 6, c, m and n are constants 
having the values, 6—0*90, c=0*014, m=— 0*825 and n=0*0072. At 20°C, although 
the observed values of log w are higher than those calculated from the above 
formulae, the log to — log c curve is still a straight line and is parallel to the straight 
line calculated from the above constants. No explanation is advanced to account 
for this phenomenon observed at 20°C. The regulation of temperature was rather 
troublesome in this set of experiments which were carried out in summer with the 
help of cooling by ice. It is to be noted that prevention of dew deposition 
becomes increasingly difficult as the temperature is lowered below the atmospheric 
temperature. All the other determinations were made at temperatures higher 
than that of the atmosphere and the temperature regulation was under easier 
control. For practical purposes, it is more convenient to carry out determinations 
at a temperature a little higher than that of the atmosphere, e.g.> 30° — 40°C. 


Conclusions. 

1. Of the eleven samples examined, nine soils of widely varying types, when 
exposed to an atmosphere in equilibrium with a 25 per cent, solution of glycerine in 
water, absorb quantities of moisture which are exponential functions of their contents 
of clay. The equation log w=a-\-k log c, signifies this phenomenon, where w 
represents milligrams of water absorbed by 1 gram of dry soil, and c indicates 
'the percentage of clay as determined by mechanical analysis, while a and k are 
constants. 

^ 2. The determination of the hygroscopic capacity of the ordinary cultivated 

Soils yields an useful single- valued expression of the relative fineness Of texture and 
Serves as a means of comparing different samples of such soils* 

3. The determinations, which were made at 20°, 26°, 30°, 36°, 40°, 46°, 50°, 55° 
and 60°C., show that as the temperature increases, the moisture absorption capacity 
■ bf soils decreases. The figures indicate that, with one exception, the constants a 
, tod h are linear functions of temperature. The only exception is that at 20°C. 
where the observed figures are higher than those calculated, but the log «?-log c 
curve is still a straight line running parallel to the curve of calculated values. 
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4. Tie eleven, soils under examination included a siliceous soil from the United 
Provinces and an organic soil from Bengal. The former soil gave values lower than 
those calculated from its clay content, while the latter showed an absorptive capa- 
city higher than that corresponding to the amount of clay contained in it. 

5. Tie specificity of the inorganic and organic gels existing in the soil is usually 
masked, the major part of the colloids present in ordinary soils being of similar 
effectiveness. The difference in their nature is, however, manifested in the case of 
unusual types of soil. Instances are afforded by the abnormal results obtained by 
the two soils referred to above. 

6. An examination of the correlation between the clay content and the moisture 
absorbing capacity will thus serve as an useful indication of the type of colloids 
present in a soil and yield information about its cultural possibilities. 

7. The colloids of the soil are highly complex and are, moreover, suffering endless 
alterations as a result of the natural processes constantly going on inside the soil. 
The absorption of moisture is a relatively simple phenomenon which can be utilized 
for investigating the colloids at any particular time and under definite conditions. 
As such, the subject is worthy of further studies. 
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APPENDIX. 


Preliminary experiments were at first made with dye solutions of different 
strengths, mainly 0*005 and 0*05 per cent., solutions of intermediate strengths being 
also used in certain instances. The dyes included acid fuchsine, acid green, cardinal, 
chlorazol, chlorazol blue, clayton yellow, congo red, fuchsine, gentian violet, induline, 
malachite green, methyl blue, methyl green, methyl red, methyl violet, naphthalein 
black, naphthalein blue, navy blue, nigro&ine, primuline, tartrazine and toluy’ene 
blue. Weighed quantities oi soils, both 44 air dry ” and freshly collected from 
fields, were shaken up in stoppered glass bottles and the liquids were then allowed 
to settle for 24 hours. The actual amounts of soils used varied with the nature of 
the soil and their moisture contents. 

In the case of some dyes, the absorption was of an unsuitable nature, being too 
low or else very high. A few of the dyes were, moreover, very liable to fortuitous 
precipitation, being deposited on the sides of the bottles and giving rise to the forma- 
tion of a layer of deeper tinted particles on the surface of the settled soil. Very 
often the soil suspension was extremely difficult to settle, so that the subsequent 
examination of their colour could not be carried out with accuracy. Again, an 
alteration of tint was likely to be effected by the soil, the dye being se’ective in its 
action on the acidic and basic constituents of the soil and an undesirable change in 
the hydrogen-ion concentration being thus brought abcut. An attempt was made 
to efEect an improvement by the addition of different amounts of acids and alkalies to 
the dye solutions, but neither this procedure nor the previous treatment of the dye 
solution with some toil of the same type as the one under examination, p* oved quite 
effective. It must be remembered that these additions as well as the use of sodium 
chloride, to which latter a reference would be made subsequently, are likely to produce 
alterations in the soil colloids. But after all, as the object is to find out a com- 
parative method, the effect of these additic ns was included in the tests. 

As a result of all these experiments, it was decided to restrict the wo^k to methyl 
violet only. An aqueous solution of this was found to be preferable to solutions 
made Tip with different strengths of alcohol. It was further noted that the addition 
{ of sodium chloride to the dye solution introduced an improvement so far as clarifica- 
tion was concerned , but that a new difficulty was encountered in the form of an incom- 
' piete absorption of the dye by the soil. With increasing amounts of soil, the rate 
e of removal of the dye fell relative 1 y suddenly at a Sudden point, but there were 
perceptible amounts of colour left unabsorbed in the solution even when the toils 
h had been added in excess. These points axe worth further study, which is hoped to 
t be continued. 

a Observations were next made in which the process of absorption took place in 
v stationary columns of soil. In some, the absorption was allowed to proceed from 
“* C 261 ) 
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below, the soil columns being packed in short lengths of open glass tubes, which 
were closed at the bottom with fine cloth or with filter paper. The tubes were 
placed over vessels conta ini ng dye solutions, with the bottom of the soil columns 
just a little below the upper surface of the dye solutions. It was found that the 
process is extremely slow. Even after 3 weeks there was not an appreciable upward 
movement of the dye into clay soils. With soils of a coarser nature, it was noted 
that after the water had risen to a short height, there was a tendency of the column 
to break at that level. 

The next experiments included downward percolation of the dye solution through 
soils. Even with soil columns one inch in height, there was a liability of change of 
tint with certain soils and often sediments passed through the wire gauze at the 
bottom of the col umn The absorption is not uniform throughout the soil depth, the 
precipitation being most heavy in the top layer, so that the first appearance 
of colour in the percolate is influenced not merely by the amount of soil but also by 
the height of the soil. The packing should be carefully done, avoiding fissures and 
also taking care that the soil is not loose at the places where they are in contact 
with the walls of the glass tube, so that the absorption may proceed at an uniform 
rate and that strictly comparable results may be obtained. Percolation is very slow 
with clay soils. The rate is a little quicker in the case of coarser soils. 

In an experiment with a solution of methyl violet being percolated through a 
column of sandy soil, which was carefully packed into a tube of paraffined paper, it 
was found that the extraction of colour followed the usual exponential formula which 
holds in the case of absorption phenomena. After a certain length of the top la 
had absorbed the maximum amount, the distribution of the dye fell off in a regi 
manner. This would be evident from a consideration of the following figures wl 
Were obtained by an examination of the different lay ers into which the soil was 
up at the end of the experiment. 

Depth in cm. . . 0-1 1-2 2-3 3-4 4-5 5-6 0-7 7-f 

Colour units * . 23*15 6*25 3*85 2*50 1*67 * 1*11 1<K 


Spoilt z a orach 'was noticed in this layer. 
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Chart 6 shows the distribution of dye noted in the above experiment. It will 
be noticed that with the exception of the uppermost layer, the log-log curve is a 
straight line. 



CHART 6. 


Showing the absorption of methyl violet at diflerent layers of sod column. 


When the soil colu mns were long and the atmospheric conditions were dry , the 
slow passage of water through the soil and the rapid evaporation of the droplets 
of water which come out at the bottom gave rise to saline deposits o' fine crystals. 
This was noticed in the case of both a loam and a clay (calcareous Pusa soils). The 
crystals were found to‘ contain chlorides, sulphates and carbonates. A study of 
t this phenomenon is expected to throw light on the formation of soil alkali. 
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